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FIRST DECLARATION OF FINDLAY E. RUSSELL, M.D., PH.D. 
UNDER 37 C.F.R. 6 1.132 



I, Findlay E. Russell, M.D., Ph.D., do hereby declare and say as follows: v 

1 . I am a citizen of the United States and am currently a resident of the 
United States. 

2. I received a B.A. from Walla Walla College in 1941. 
I received an M.D. from Loma Linda University in 1950. 



3. 
4. 
5. 



— m 1978. 

f INVtV..\v MtMHK.sON*. 

I 

M»'S.i'os.[) C iOOOB 1 

#oi ■ «o* • «ooc> < *- 



I received a Ph.D. from the University of Santa Barbara in 1974. 

r 

I received an honorary L/L.D. from the University of Santa Barbara in 



6. I am currently Research Professor of Pharmacology and Toxicology at the 
University of Arizona in Tucson, Arizona. 

7. I have held teaching and research positions in several universities and 
government agencies in the fields of physiology, neurology, pharmacology, toxicology, 
and toxinology. These positions are listed on my Curriculum Vitae, which is attached as 
Exhibit 1. 

8. I currently hold positions in numerous societies in the fields of physiology, 
neurology, pharmacology, toxicology, toxinology, and herpetology. These positions are 
listed on my attached Curriculum Vitae and include the following: 

Fellow, Royal Society of Medicine 

Fellow, International Society of Toxicology (Pres. 1961-1966); 
Fellow, Herpetology, Natural History Museum (London); 
Member, American Academy of Clinical Toxicology 

(Theines Award, 1965); and 
Member, Western Pharmacology Society (Pres. 1972-1973). 

9. I have received numerous honors and awards, which are listed on my 
attached Curriculum Vitae. Many of these honors and awards relate to my work with 
venoms, and they include the following: 

Chairman, Ad Hoc Committee on Snakebite, 

National Academy of Medicine, 1962; 
Chairman, Ad Hoc Committee on Marine Fish Poisoning 

World Health Organization, 1972, 1976; 
Member, Ad Hoc Committee on Snake Antivenoms, 

World Health Organization, 1969, 1979; 
Co-Chairman, National Seminar on Protein Chemistry, 

Snake Venom and Hormonal Protein, US-ROC, 

National Science Foundation, 1978; 
Editor, Toxicology Newsletter, 1955-1960; 
Editor, Toxicon . 1962-1970; and 

Corresponding member of Academy of Sciences of Yugoslavia, Slovenia. 



10. 



have served as a consultant on venoms and venomous animals to the 
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following organizations: 

National Academy of Sciences; 
American Medical Association; 
American Association of Poison Control Centers; 
U.S. Armed Forces; 
International Red Cross; 
National Science Foundation; 
National Institutes of Health; 
Office of Naval Research; 
NASA; 
FDA; and 

the World Health Organization. 

11. lama coauthor of 370 papers, 26 textbook chapters, and 9 books in the 
fields of toxicology, toxicology, pharmacology, physiology, and medicine.* 

12. A substantial part of my 47-year professional career has been directed to ri 
i, research in the field of pharmacology and toxinology, particularly to research involving . 

snake venoms, their in vivo effects in humans, and treatments for snake envenomation. 

13. I am a co-inventor of U.S. Patent Application No. 08/405,454, filed . 
March 15, 1995 ("the subject patent application"). ; v ' • 

1 4. I have read the subject patent application and the June 19,1 997, Office ' 
Action (Paper No. 29). I have been asked to provide the following comments regarding 

ij this patent application and Office Action. 

SNAKE VENOMS 

i • 

I < 

il 1 5. A venom is a toxic substance produced by a plant or animal in highly 

I I i 

t I ; 

<| specialized cells or an organ and usually delivered through a biting or stinging act. i 

: i 

i 

;! Although venoms can be simple substances, as in some marine animals, in snakes 



FlNNECW. HES'DEKAON", 

Farabom*. Garrett 

8 Dt\StR.LLP. 

DOO 1 !l TOCCT, H, W, 
w^sm.nO'On, O. C. 10OOS 
tOt -*OB - 4000 



they are often very complicated mixtures of individual toxins, including proteins of large 
and small molecular weights, phospholipases, hyaluronidase, collagenase, 
acidocologanase, l-amino acid oxidase, hydrolyses, nucleotideases, lipids, 
metalloproteins, free amino acids, steroids, aminopolysaccharides, amines, quinones, 
5-hydro^tryptophan, and other substances. For example, snake venoms of the family 
! Crotalidae comprise at least 20 different compounds. In some Crotalus sp. snake 
f: venoms, there may be 100 different protein fractions, 25 of which may be enzymes. 
. Due to their complexity, the full composition of snake venoms is unknown. 

! i 16. Not only is the full composition of snake venoms unknown, but the 

j 

ij pharmacological effects of some constituent toxins are unknown. Although the 

j, ; individual components of some snake venoms are known to have pharmacologic ^ 

ji 

!j activities, including hematologic, cardiotoxic, neurotoxic, and other properties, each . " 

!i 

jj component may have more than one of these activities, and components may have 

ji 

|| different actions on different cell types. Furthermore, some of the more important 

i . 

It * . 

| J reactions in humans to Crotalus envenomation are autopharmacologic or the result of 
synergisms between different venom components. As a result, of the at least 100 
known components of Crotalus snake venoms, less than 20 compounds have known 

■ i 

;) 

ii pharmacologic activities. Russell, F.E. (1980) Snake Venom Poisoning at p. 139 

;i 

:| (attached as Exhibit 2). 

!i 17. Indeed, it would have been clear to a researcher in the field that we used 

*' the term "venom" in the subject patent application to mean a venom comprising several 
i different toxins, not just a single toxin. Each venom discussed in the application 



contains several toxins. Furthermore, the application specifically discusses isolating 

specific venom proteins (toxins) from the snake venom. Specification at 6, last 

sentence. Accordingly, a researcher in the field would have understood from the 

subject patent application that we used the term "venom" in the subject patent 

application to mean a mixture of toxins, not a single toxin isolated from a venom. 

. 1 8. The term "antivenin" was first used to identify the first antiserum for snake 

; venom poisoning, and we specifically defined "antivenin" in the specification in this way: 

Antivenin is a suspension of venom-neutralizing antibodies 
prepared from the serum of animals (typically horses) 
hyperimmunized against a specific venom or venoms. 

ij Specification at 4, lines 19-22. Although the terms "antivenin" and "antivenom" are 

ii often interchanged, researchers in the field now use the term "antivenom" because the 

;i World Health Organization ("WHO") has decided that "antivenom" is the preferred term. 

ii 

ij WHO/B5/80-1292 BLGA/EN/80.1 Rev. 1 (attached as Exhibit 3). Indeed, although I 

ji 

ji was one of the dissenters in the WHO vote and prefer the term "antivenin," I have 
ij previously indicated that the terms "antivenin" and "antivenom" are now 

t 
i 

| interchangeable: "ANTIVENIN (ANTIVENENE, ANAVENIN, ANTIVENIMEUX, . 
j ANTIVENINIUM. ANTIVENOM) . . . ." Russell, F.E. (1988) Snake Venom 
i Immunology: Historical and Practical Considerations. J. Toxicol. -Toxin Rev. 7(1), 1 
(attached as Exhibit 4). 

1 9. At the time of the application, the only commercially available antivenom 
for envenomation by North American snakes of the family Crotalidae was Antivenin 
(Crotalidae) Polyvalent (equine origin) (Wyeth Laboratories, Philadelphia, PA). Since 
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this was the only commercially available antiserum for snakes in the United States, it 
was sometimes referred to as simply "antivenin." However, it would have been clear to 
a researcher in the field that our recitation of "antivenin" in the specification referred 
generically to all antivenins, not specifically to Wyeth's Antivenin (Crotalidae) Polyvalent 
(equine origin) because, among other reasons, we specifically referred to Wyeth's 

. product as "ACP" in the application. E.g., specification at 2, line 1 1. Furthermore, we 
compared Wyeth's product to our claimed antivenom in the specification at page 23, 

. lines 5-15. 

Prior Treatment of Crot alidae Envenomation 

J 

; | 20. Approximately 8,000 people are bitten by venomous snakes in the United 

i. 

ij States each year. Most of these people are bitten by Crotalus, a genus of the family 

!J 

ji Crotalidae. Before the advent of pharmacological methods of treating snake 

i; 

ji envenomation, it is estimated that envenomation by Crotalus resulted in approximately 

; j 

ji 7% mortality. 

' ! * ■ 

ij 21 . The most effective and most common treatment of Crotalidae 

envenomation is the administration of antivenom. The first reported use of a snake 
antivenom in humans occurred in the late 19th century. The only commercially 
| available antivenom for North American Crotalidae is ACP, which first became available 

i 

in 1947. Soon after the development of the first antivenoms, doctors recognized that j 

i 

they could elicit serum sickness, an allergic reaction to the antisera that was sometimes ; 
more deleterious than the venom. Over 75% of patients treated with ACP develop j 
some manifestation of serum sickness. The problem of serum sickness can be so great [ 



that physicians may not administer antivenom for some cases of envenomation. 
Indeed, ACP can only be obtained in a kit that also contains test serum for possibly 
detecting serum sickness before administering the antivenom. 

22. The serious deficit of serum sickness with antivenom has long contributed 
to extensive research on modifying existing antivenoms or developing new antisera. 
Since the serum sickness results from immune reactions of the patient to the 

• immunoglobulin component of the antivenom, which actually binds to the venom toxins, 
much of this research focused on using fragments of immunoglobulin molecules that 

might not provoke a immune reaction. 

j 

23. As the figure attached as Exhibit 5 shows, a molecule of immunoglobulin 
comprises two heavy chains and two light chains with the heavy chains linked by two 
disulfide bonds at their hinge region. Each light chain forms an antigen binding site with | 

the corresponding heavy chain at the end distant to the hinge region. ' 

i 

24. Cleavage of immunoglobulin with pepsin cleaves the IgG molecule below 
the disulfide bonds, resulting in a single Fc fragment and a single F(ab) 2 fragment 
(sometimes called an F(ab)' 2 fragment), which contains the two antigen binding sites. In 

contrast, cleavage of IgG with papain cleaves the immunoglobulin molecule above the | 

i 

disulfide bonds, resulting in a single, larger Fc molecule and two Fab fragments j 

(sometimes called F(ab) fragments), each containing a single antigen binding site. | 

I 

Specification at 2, lines 25-43. ! 

t 
I 

25. In the 1960s, researchers began experimenting with antivenoms \ 

! 

comprising F(ab) 2 fragments. These became commercially available outside the U.S. i 



in 1969. Although these F(ab) 2 antivenoms produced less serum sickness, as would be 

expected from their greater purity, such antivenoms appeared to some to be less 

effective than antivenoms comprising whole immunoglobulin. Consequently, Crotalidae 

antivenoms comprising F(ab) 2 fragments were not produced in the United States. 

Antivenoms Comprising Fab Fragments 
Were Expe cted to Fail 

26. As of 1984. no significant improvements in antivenoms had been made 

since^antivenoms comprising F(ab) 2 fragments became available in 1969. Significantly, 

although serum sickness had long been recognized as a major problem with 

antivenoms, and although smaller antibody fragments had long been known to be less 

! immunogenic, no researcher developed an antivenom comprising the smaller Fab 

ii . 

ii fragments. The development of antivenoms comprising antibody fragments stopped at 

'! 

ji the larger F(ab) 2 fragments because researchers in the field expected that Fab 
ji fragments would be less effective than F(ab) 2 fragments. Indeed, those researchers 
!j believed that Fab fragments might actually alter the toxicity of a Crotalidae venom. 

I! - , , 

jj 27. Researchers in the field Were concerned that antivenoms comprising Fab 

i| fragments would be less effective than antivenoms comprising F(ab) 2 fragments 
| ! because: 1 ) the Fab fragments would not prevent the various venom toxins from i 

!' i 

i. binding to their site of action as well as the F(ab) 2 fragments; 2) the Fab fragments j 

j 

: would not precipitate the various venom toxins; and 3) the Fab fragments would not j 

: neutralize sufficient venom toxin before being cleared because of their short half-life. j 
. . i 

28. Immunoglobulins neutralize toxins in several ways. For example, they ; 

f'lN'N'lV.AN-. MENOI.R.NON' I • . .r- .. . ' 

RRAfKM. c-.ARRi.TT bind specifically to epitopes present on the toxins. In the case of a polyclonal ! 
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antivenom, this may involve several epitopes present on more than one antigen. These 
antigen-antibody complexes are readily eliminated by the reticuloendothelial system, or 
by other mechanisms. 

29. Since F(ab) 2 fragments contain two antigen binding sites, like whole 
immunoglobulin, it was suspected that they could more effectively bind to repeating 
\ antigenic determinants on large proteins than could Fab with only one binding site. j 

i Sell. S. (1 987) Basic Immunology: Immune Mechanisms in Health and Disease at I 

i 

. p. 89, Fig. 6-3 (attached as Exhibit 6). As a result, it was felt that while Fab fragments ; 

i 

!l might bind to venom toxins, they would not be as effective as whole IgG or F(ab) 2 j 
I! fragments. j 

'i 

il 30. Furthermore, researchers in the field expected that antivenoms : v 

jl ' 
compnsing Fab fragments would not be as effective as antivenoms comprising F(ab) 2 j 

fragments because Fab fragments have a shorter half life than F(ab) 2 fragments in vivo. 

Venom components are usually injected into subcutaneous tissues. Since many of the 

venbm toxins are large, hydrophobic molecules, they are slowly released from these 

injection areas. This results in the "venom depot effect" where toxins are continuously 

released into the systemic circulation long after the initial bite. 

31 . The molecular weight of an Fab fragment is in the range of 45-55-kd-. As 

A 

can be seen from Exhibit 5, the molecular weight of an F(ab) 2 fragment is over twice the | 

i 

molecular weight of an Fab fragment and approximately the same molecular weight as j 

i 

a whole IgG. As a result of these differences in molecular weights, Fab fragments are ! 
eliminated more quickly than F(ab) 2 fragments and whole IgG. Unbound Fab fragments j 



are small enough to be removed by the renal system. Consequently they have a half- 
life of about 17 hours. Indeed, Fab fragments are completely eliminated in only 24 to 
26 hours. 

32. In contrast, F(ab) 2 fragments and whole IgG are too large to be eliminated 
by the renal system. Consequently they have a longer half-life, approximately 

50 hoyrs. The shorter half-life of Fab fragments compared to the half-life of venom, and 
compared to the half-life of F(ab) 2 fragments, led researchers in the field to expect that 
antivenins comprising Fab fragments would not be effective against Crotalidae 
envenomation. 

j 

33. Not only did researchers in toxinology and pharmacology believe that 
antivenoms comprising Fab fragments would be less effective than antivenoms 

I 

comprising F(ab) 2 fragments, they suggested that antivenoms comprising Fab I 
fragments might actually be harmful. They expected that the Fab fragments that did j 

i 

j 

bind venom toxins during their short half-lives might not only fail to precipitate the { 
venom toxins, but could actually redistribute the venom toxins to organs where the 
toxins might concentrate. 

34. The binding of whole IgG, F(ab) 2 fragments, and Fab fragments to venom j 
toxins is a dynamic process; even at a state of equilibrium, individual venom toxins are i 

Ad. 

constantly being bound and released. The 45-55 ted molecular weight of an Fab 
fragment is close to the upper filtration limit of the kidney. As stated, Fab can be 
cleared by the renal system, but the higher molecular weight F(ab) 2 fragments and : 



10 



whole IgG cannot. Whole IgG and F(ab) 2 fragments are instead cleared by the 
reticuloendothelial system and the liver, as are any unbound venom toxins. 

35. In addition to allowing Fab fragments to be eliminated by the renal 
system, resulting in a shorter half-life, the small size of Fab fragments, as compared to 
F(ab) 2 fragments, also allows Fab fragments to be distributed to more parts of the body 
Researchers in the field were concerned that this rapid clearance and larger volume of 
distribution of Fab fragments compared to F(ab) 2 fragments would result in a more 
systemic toxicity than a localized one. 

36. Researchers in the field also speculated that the larger volume of 

j 

distribution of the Fab fragments would allow Fab fragments to bind the venom toxins j 

earlier than F(ab) 2 fragments. In addition. Fab fragments might bind venom toxins that | 

j 

F(ab) 2 fragments could not reach. As the bound Fab-toxin complex circulated j 

i 

throughout the body, however, Fab fragments could periodically release these toxins in I 

i 

their state of equilibrium. The unbound Fab fragments would be rapidly eliminated by J 

the renal system, which could not eliminate the larger Fab-toxin complexes. j 

i 

Researchers, therefore, were concerned that such venom toxins would be redistributed 

to other areas of the body, perhaps concentrating in areas of high blood flow, especially 

the kidneys, heart, nervous system, and lungs. Thus, venom toxins that would have 

been released slowly from the bite site due to the venom depot effect would be 

redistributed to these areas of high blood flow. In other words, the Fab fragments 

would effectively serve as a vehicle, redistributing and concentrating these venom 

toxins from subcutaneous muscles and fat to the kidneys, heart, nervous system, and 

A 

11 



lungs, which would not have otherwise received a relatively high concentration of these 
toxins. 



37. This concern was not merely a theoretical concern, as was later 

demonstrated by Faulstich et al. Faulstich et al. (1988) Strongly Enhanced Toxicity of I 

the Mushroom Toxin «-Amanitin by an Amatoxin-Specific Fab or Monoclonal Antibody. I 

ToxicQn 26, 491 (copy attached as Exhibit 7). Faulstich et al. conducted a series of • 

studies attempting to treat «-amatoxin poisoning with Fab fragments. Alpha-amatoxin • 

is a high molecular weight toxin that is similar to some snake venom toxins. As a high j 

.; J 

'■' molecular weight toxin, «-amatoxin cannot be cleared by the renal system. Rather, like | 
many snake toxins, it is cleared by the liver. Since «-amatoxin is concentrated in the 

•j liver after oral ingestion, it is primarily toxic to liver cells. - 

ii 

n 

jj . 38. Faulstich et al. discovered that the Fab fragments did not decrease the 

i 

i toxicity of —amatoxin in mice, but rather increased the toxicity of «-amatoxin by a factor 

ji I 

ii of 50. IsL at 497. Furthermore, the Fab fragments resulted in «-amatoxin being j 

ii "• .. 

i j specifically toxic to kidney cells rather than liver cells. This is exactly what one of 

ii 

{j ordinary skill in the art would have predicted. The Fab fragments bound the high 

jj molecular weight «-amatoxin, and then unbound it in their state of equilibrium at sites of 

'! 

ji high blood flow. This unbinding at sites of high blood flow, especially the kidneys, 

;! j 
; resulted in the «-amatoxin being concentrated in these tissues. j 

!• 39. Similarly, Balthazar et al. conducted research on Fab fragments against ! 

: digoxin. Balthazar et al. (1 994) Utilization of Antidrug Antibody Fragments for the ! 

svn \Vii^" lRN , s . °P timization of Intraperitoneal Drug Therapy: Studies Using Digoxin as a Model Drug, j 
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J. Phanm. Exp. Then 268, 734 (attached as Exhibit 8). Digoxin is unlike most 
Crotalidae venom toxins; it is a very small molecule. Digoxin is small enough that the 
renal system can clear the Fab-digoxin complex. Since the renal system can filter the 
Fab-digoxin complex, the Fab did not redistribute and concentrate digoxin, as one of 
ordinary skill in the art would have predicted. Accordingly, Balthazar et a/, found that 
i: F(ab) fragments effectively treated digoxin toxicity. 

40. However, Balthazar et al. recognized the potential problems of Fab 

i : 

.. therapy for large toxins, like «-amatoxin and some Crotalidae venom toxins: 

l i 

1 j First, the alteration of drug distribution which 

accompanies antibody drug complexation may result in a 

|| potentiation of drug toxicities or the development of new 
drug toxicities in certain cases The risk of 

jj redistributing systemic toxicity, rather than minimizing 

j| systemic toxicity, should be appreciated as a potential 

;! outcome of the proposed approach. 

ti ... 
t ; 

jj IsL at p. 738, paragraph bridging cols. 1 and 2 (emphasis added). 

( ; 

jj 41 . Accordingly, researchers in the field were concerned that treatment with 

j an antivenom comprising Fab fragments would be a harmful treatment for high 

j molecular weight toxins, not an advisable treatment, because the Fab fragments would 

i 

j redistribute high molecular weight toxins to areas of high blood flow, creating new 

il 

jj toxicities and converting a localized toxicity into a systemic toxicity. Faulstich et a/. 

jj 

jj confirmed this concern with a toxin that is of a similar molecular weight as many snake 

;| venom toxins. 

'! 42, Balthazar et a/, reinforced this concern by showing that this effect did not 

o.-.cc. . occur w jth a low molecular weight toxin that the renal system could clear as part of an 
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Fab-toxin complex. Indeed, despite the effectiveness of their treatment, Balthazar et al. 
specifically discussed their concern that Fab fragments might alter drug toxicities or 
redistribute systemic toxicities. 

43. In sum, prior to our invention, researchers in the field did not have a 
reasonable expectation of success that an antivenom comprising Fab fragments to 
Crotalidae venom would be effective. Despite known problems with the only 
; commercially available antisera for Crotalidae envenomation and much research since 
1947, no researcher had developed an antivenom comprising Fab fragments. 

I Furthermore, although F(ab) 2 fragments had been used in antivenoms since the late 

j 

lj 1960s, those of ordinary skill in the art had not progressed beyond F(ab) 2 fragments to 
lj the smaller Fab fragments. 

!i 

lj 44. Even though Fab fragments were known to be highly effective in reducing 

jj the serum sickness, researchers in the field did not create a Crotalidae antiserum 
jj comprising Fab fragments because they were sure such a product would not work. 
Researchers in the field were concerned that such an antivenom would be ineffective 
because: 1 ) the Fab fragments could not stearically hinder the Crotalidae venom toxins 
from binding to their target; 2) the Fab fragments could not precipitate the venom 
toxins; and 3) the Fab fragments had too short a half-life in vivo to be able to bind some 
snake venom toxins. Furthermore, researchers in the field were concerned that such 
an antivenom might actually increase the toxicity of the venom by redistributing the 
more deleterious toxins. 
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The Coulter et al. Reference 
45. I understand that the Examiner has rejected the pending claims in Paper 
No. 29 over numerous references, including the Coulter et al. reference (Coulter et al. 
(1983) Simplified Preparation of Rabbit Fab Fragments. J. Immun. Meth. 59, 199 
(attached as Exhibit 9)). For the above reasons, none of the references the Examiner 

has cited, alone or in combination, teach or suggest an antivenom comprising Fab 

JL// 



. fragments against a Crotalidae venom with a reasonable expectation of success. 

46. However, the Coulter et al. reference merits individual mention in order to 
; clarify the Examiner's understanding of it. Coulter et al. used textilotoxin, "a neurotoxin" 
■,\ and the primary toxin in the venom of the Australian brown snake {Pseudonaja textilis). 
;j j£L at 199, last sentence. The pending claims recite a snake of the genus Crotalus, a 
L ! genus of the family Crotalidae. As can be seen from its name, the snake Coulter et al. 

i j used is not a member of the genus Crotalus, nor even of the family Crotalidae. Rather, 

i| 

i; it is a member of the genus Pseudonaja. Indeed, Cassarett and O'Doul's Toxicology 

!; : 

il teaches that Coulter et a/.'s snake is an elapid, Russell (1996) Toxic Effects of Animal 

|| .• 

!i Toxins. In Casarett and Doull's Toxicology: The Basic Science of Poisons, (5th Ed.) at 

jj 

j p. 802 (attached as Exhibit 10), and the elapids are of the family Elapidae, not 

ii Crotalidae. Snake Venom Poisoning at p. 5. 

■ 47. Furthermore, textilotoxin is simply a single toxin from Australian brown 

; snake venom. As I discussed above, the terms "antivenom" and "antivenin" mean an 
immunotherapy mixture against a snake venom, not simply a single snake toxin. As I 
have also noted, snake venoms are complex mixtures of many substances, including 
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many different toxins. Snake venoms, particularly those of snakes of the family 
Crotalidae, are composed of many different toxins. Each of the individual toxins can act 
synergistically in vivo and may also induce autopharmacologic reactions. Indeed, basic 
toxicology texts caution against extrapolating results from individualvenom toxins to 
whole venoms. Toxic Effects of Animal Toxins at p. 802; Snake Venom Poisoning at 
p. 16$. Accordingly, one would not have expected Coulter et a/.'s results with Fab to a 
single toxin to predict similar results with Fab to a Crotalidae snake venom, including a 
Crotalus snake venom. 

48. Most importantly, Coulter et a/, did not treat envenomation with their Fab 
fragments. Rather, Coulter et al. first mixed textilotoxin with their Fab fragments in vitro. 

\\ Coulter et al. at p. 901 , 3rd full paragraph. Coulter ef al. then injected the already ' 
!! bound Fab-textilotoxin complex intravenously. This treatment with Fab fragments 

I; 

; ; resulted in neutralization that was essentially equivalent to the treatment with the IgG 
j; fragments, just as one would have expected. Since the Fab-textilotoxin mixture was 
j! injected intravenously, the Fab did not have the opportunity to redistribute and * • 
!j concentrate the textilotoxin in high blood flow parts. Accordingly, the Coulter et al. 
! j reference would not have provided a reasonable expectation of success for an 
: antivenom comprising Fab fragments to any venom toxins. 

ti 

49. Similarly the observation of Coulter et a/, that enzyme-linked 

, ' immunoabsorbent assays with higher sensitivity had been claimed when Fab is used 
instead of whole IgG would not have suggested combining any of the cited references 
with a reasonable expectation of success. As in the case of Coulter et a//s actual 
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results, in vitro observation would have been irrelevant to the lack of expectation of 
success in vivo since the reasons one would not have had a reasonable expectation of 
success were due to the expected in vivo action of the Fab fragments. 

50. Indeed, Sorkine et ai conducted a similar experiment in 1983 by mixing 
Fab fragments with a venom of a non-Crotalidae snake prior to injection into a mouse, 
and they obtained similar results. Sorkine et ai (1995) Comparison of F(ab , ) 2 and Fab 
Efficiency on Plasma Extravasation Induced Viper aspis Venom. Toxicon 33, 257 

(attached as Exhibit 1 1 ). This treatment resulted in a considerable reduction in capillary I 

i 

permeability. However, the Fab fragments were much less effective when they were 1 
administered in vivo separately from the venom. As Sorkine et ai. state "these data ' 

i 

showed firstly that the in vitro neutralization of the venom by immunoglobulin fragments 
does not reflect their in vivo efficiency." \sL Thus, the Sorkine et al. reference shows 



jj that one would not have expected Coulter et al.'s in vitro neutralization results to predict 
y*- j; the effectiveness of antivoninc comprising Fab fragments in vivo. 

!| 51. In 1984, no clinician or researcher expected that a Crotalidae snake 

antivenom comprising Fab fragments would be effective in treating Crotalidae snake 
j envenomation. Thirty-seven years of research primarily aimed at reducing the serum 
i sickness produced by ACP and fifteen years of research since the first, disappointing 

F(ab) 2 antivenom had convinced those of ordinary skill in the art that a Crotalidae 
: antivenom comprising Fab fragments would be less effective than the known 
; antivenoms. Furthermore, those of ordinary skill in the art actually expected a 
Crotalidae antivenom comprising Fab fragments to increase the lethality of the snake 
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venom. Accordingly, there was no expectation of success in using any Crotalidae 
antivenom comprising Fab fragments to treat Crotalidae envenomation, let alone an 
expectation of success in using a Crotalus antivenom comprising Fab fragments to treat 



Crotalus envenomation. 

I further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and, 
further, that these statements were made with the knowledge that wilful false 
statements and the like so made are punishable by fine, imprisonment, or fine and 



;j wilful false statements may jeopardize the validity of this application or any patent 



imprisonment under Section 1001 of Title 18 of the United States Code and that such i 



ji issuing therefrom. 




By: 
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Definitions and Terminology 5 



spider, or fish, is the standard of reference that determines the application of 
the scientific name. The type of a nominal species is a specific specimen, 
that of a nominal genus is a nominal species, and that of a nominal family 
is a nominal genus. The type of a taxon is not subject to change except by 
exercise of the International Commission on Zoological Nomenclature. 

The word snakebite is commonly employed to denote bites by the ven- 
omous snakes. Perhaps it is more proper to limit this term to bites by all 
snakes, whether they are venomous or not Unfortunately, the words snake- 
bite and snake venom poisoning are so commonly interchanged in both the 
medical and lay literature that misunderstandings have arisen, as well as 
errors in clinical judgment A bite by a venomous snake can. of course, be 
called a snakebite, but it is more properly called a venomous snake bite. A 
bite by a venomous snake, in which envenomation has not occurred, as is 
so often the case, might be termed venomous snake bite without enven- 
omation. But a bite by a venomous snake, in which poisoning has occurred, 
should be identified as snake venom poisoning, which thus separates it as 
a distinct entity. 

The words legitimate and illegitimate are often used to differentiate a bite 
that occurs as a natural event in the wild, or in "persons who have no intention 
of indulging in so unnecessary a risk/* 4 from a bite that occurs in a person 
who. for one reason or another, is handling a venomous snake. In our own 
practice, probably 40 per cent of all bites by venomous snakes that we have 
treated fall into the latter group. This, however, would certainly not be the 
average for most physicians. ~ • ' 

The term exotic snake is used by herpetologists to denote a non-native 
United States species, "a snake foreign to this country." There are few snakes 
more exotic than the rattlesnake, but the term is still applied only to foreign 
snakes. Thtf'tercn exotic antivenins is sometimes used to identify antivenins 
for non-Clnited States species. However, there is nothing particularly exotic 
about these antivenins. ~ " - % ^v^vfe:"-" 

Some snakes spit or spray their venom and are called spitting snakes. 
There are several such species; Naja nigricodis and Hemachatus haem- 
achaius are the most well known. Spitting is an act of venom discharge 
unique to some elapids, which spit or spray their venom as part of a defensive 
act (see pp. 353-361). 

Venomous snakes are usually identified by family: Colubridae, Elapidae, 
Hydrophiidae. Viperidae, or Crotalidae. By the rules of nomenclature, the 
family name is written in lower case, and the first letter is capitalized. The 
next category below family level is the genus. The genus name is written in 
italics, and the first letter is capitalized. The next level below the genus is the 
species, which is also italicized, and the first letter is lower case. Some species 
have subspecies, and their names are also written in italics, and the first letter 
is lower case. Common names are written in lower case, as is the custom in 
most texts of biology. In some medical texts they appear in italics, but this 
practice should be avoided. 



venoms 




Upon the first sight I could discover nothing but a parcel of small salts nimbly floating 
in the liquor; but these saline particles were now shot out as it were into crystals of 
an incredible tenuity and sharpness, with something like knots here and there, from 
which they seemed to proceed: so that the whole texture did in a manner represent 
a Spider's web, though infinitely finer, and more minute; and yet withal so rigid were 
these pellucid spicula. or darts, that they remained unaltered upon my glass for 
several months. [Mead]* }t 

A venom is a toxic substance produced by a plant or animal in a highly 
developed secretory organ or group of cells, and one which the animal can 
deliver during a biting or stinging act. Venoms may be very simple sub- 
stances, or like snake venom, they may be very complicated mixtures of 
different substances. The words toxin and venom are often interchanged, 
although most investigators use the. former when describing the whole or 
crude poison, and the latter for some component part. The words venom 
and poison are also interchanged (see p. 3). 



Function 

A venom may have one or several functions in an animal's armament. It may 
play a role in offense, as in the capture and digestion of food, or may con- 
tribute to the animal's defense, as in protecting it against predators or ag- 
gressors. It may also serve both functions. 

The black widow spider employs its venom to paralyze its prey before 
extracting hemolymph and body fluids. The venom is not primarily designed 
to kill the prey, only to immobilize it. Were it to cause early death, removing 
the hemolymph and body fluids would be made much more difficult, and 
would seem inconsistent with design and. perhaps, the spider's survival. Most 
venoms used in offense are associated with the oral pole, the most functional 
region for their dispense. Defensively designed venoms, on the other hand, 
are usually associated with the aboral pole, as in the stingrays, or with dermal 
tissues, as in scorpionfishes and certain other fishes.- 

Venomous snakes are considered to be the most highly developed of all 
the reptiles. This supposition is based on their success in both kinds and 
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SPECIFIC CHEMISTRY AMD PHARMACOLOGY 

It is one of the unfortunate facts in the study of the chemistry and physio- 
pharmacology of snake venom that the structure and design are most easily 
studied by taking the venom apart. This has two shortcomings: Firstly, a 
destructive process must be used in an attempt to understand a progressive 
and integrative one; and secondly, the essential quality of the whole venom 
is destroyed before we have made suitable acquaintance. Often times the 
process of examination becomes so exacting that the end is lost sight of in 
our preoccupation with the means, so much so that in some cases the means 
becomes a substitute for the end. 

Animal venoms are complex mixtures: many are composed of proteins of 
both large and small molecular weights, while others are rich in lipids, ste- 
roids, aminopolysaccharides. amines, quinones. 5-HT. or other substances. 
The composition of most venoms, however, remains unknown. Some snake 
venoms, particularly those of the crotalids. are composed of as many as 20 
different components, while the venoms of elapids appear to be less complex. 

Our knowledge of the physiopharmacologic properties of venoms is rela- 
tively meager. We know some of the pharmacologic activities of a number 
of the crude venoms, as well as a few of the properties of a relatively small 
number of venom fractions, but data on the various specific effects/and the; 
autopharmacologic, synergistic, and antagonistic properties of these complex 
substances is far from complete. : : ^ 

Perhaps no other area of toxinology has undergone such a complex evo- 
lution — both in reality and in the literature — as has the chemistry of snake 
venoms. I have witnessed in my own life-span an almost complete contra- 
position, from one that considered snake venoms solely as enzymes, and 
classified them on this basis, to the recent emphasis on peptide structure, 
and classifying them accordingly. For the present it seems wisest to consider 
all snake venoms as complex mixtures containing peptides' or polypeptides, 
enzymes, glycoproteins, and other substances capable of producing several 
or many pharmacologic activities, some of which are deleterious to' living ; 
organisms. For the physician it bears repeating that a snake venom should 
never be considered solely as a "neurotoxin." "cardiotoxin," "myotoxin." or 
any of the other dozens of loosely articulated synonyms, while dismissing the 
overall biological activities of the whole venom. In my opinion, the facts are 
not sufficientJy valid to even classify specific components under these broad 
categories. There are some components that may well have an effect at some 
specific site or membrane in the nervous system, and nowhere else, but this 
has not yet been demonstrated to my satisfaction. The basis for calling a 
specific fraction a "neurotoxin" is usually founded on its action on a particular 
preparation the investigator has selected; and rarely are the other possible 
pharmacologic properties or tissue modulations studied in detail. Such find- 
ings as those of Harris, as well as our own group, ,aM - u indicated the 
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UHO COORDINATION MEETING ON VENOMS AND ANT I VENOMS 

A WHO informal meeting took place at the Chemika Zurich from 26 to 27 September 1979. 
The purpose of the meeting was to coordinate the work in progress throughout the world on the 
use and standardization of venoms and antivenoms. The list of the participants is shown in 
Annex I and the agenda in Annex II. 

For many years WHO has had an interest in the treatment of bites and stings from 
poisonous creatures and although there have been informal meetings from time to time 
none has specifically attempted Co collect the data of the clinical effects of snake and 
scorpion bites and stings and the experiences in their treatment. Furthermore it was 
recognized that there is an urgent need to correlate such experiences with the laboratory 
tests being applied to the antivenoms in attempts to measure the potency of these materials. 
One important advance that could be made in such standardization is the availability of 
venoms that had been fully characterized and the establishment of international standard 
antivenoms . 

WHO has taken the first step in designating the Liverpool School of Tropical Diseases 
as the WHO Collaborative Centre for the Control of Antivenoms. As Director of this Centre, 
Dr H. Allstair Re id agreed to be Chairman of the meeting. 

The meeting agreed that in English 'venom' and 'antivenom' were the preferred names 
rather than venin/antivenin or venene/antivenene . 

A. EPIDEMIOLOGY . ' " . S .,^*X 

Incidence and mortality of snake bites, scorpion stings and spider bices * T ./."-"-^T"'": 

Injuries and death due to snake and spider bites as well as scorpion stings occur in 
most pares of the world, and especially in the tropics where they may represent a major health 
problem. Unfortunately t knowledge of their epidemiology is fragmentary due mainly to the :V*- 
lack of reliable statistical data. V 



In the United States of America, approximately 8000 bites by venomous snakes are; ' 
reported each year. There are about 12 deaths which occur in the untreated, under-treated, , 
or miscreated children or in members of snake -hand ling cults. Approximately 1000 scorpion , 
stings are reported each year; the last death was in 1968/ About 3000 spider bites '^W^c^^f 
(usually Latrodcctus or Loxoaccles ap) occur each year. Marine animal stings range intoYwi^ru 
several hundred thousand each year but deaths are extremely rare, '^v:;^ 



Scorpion stings are a major health problem in Mexico where there are an estimated V 
300 000 cases each year, with about 1000 .deaths. Scorpion stings are also important in 
Trinidad and South America* Spider bites are mainly common in South America and Australia. 4 >: 

In Costa Rica, hospital admissions for snake bite have been estimated as 22. A per 
100 000 population per year, with 5 deaths per 100 000 (mostly due to bites by Bothrops 
atrox). In South America 90X of snake bites are caused by Bothrops species. Mortality has 
been estimated as 2 AX but may be as high as 8X when no antivenom is given. After- 
rattlesnake bites ( Crotalus durlssus terrlflcus) about 747. of the untreated victims die but 
in patients receiving antivenom, mortality falls to 12X. 



Ths Utue of this document does not constitute 
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Producer or 
Distributor 



TABLE 2 

Antlvenlns Available for the Treatment of Snake Venom Poisoning 



Venoms Used 
In Preparation 



Trade or Common Name 



Comments 



North America and Hexlco 



Wyeth Laboratories 
Box 8299 
Philadelphia, 
Pennsylvania 
U.S.A. 19101 



Crotalus d^ terrl f Icus 
Crotalus atrox 
Bothrops atrox 
Crotalus adamanteus 

Mlcrurus f. fulvlus 



Antlvenln (Crotalldae) 
Polyvalent 



Antlvenln 
(Mlcrurus fulvlus) 



Precipitated with 
ammonium sulphate, 
and lyophlllzed. 



Laboratories "MYN" 
Av. Coyoacan 1707 
Mexico City 12, 
D.F., Hexlco 



S.A, Bothrops atrox asper 
Bothrops nummi f er 
Crotalus atrox 
Crotalus ntgresccns 
Crotalus dk durlssus 
Crotalus d. tzabcan 
Crotalus tTgris 
Agklstrodon bil Ineatus 



Snake Antlvenln 



Enzyme digested, 
precipitated with 
ammonium sulphate, 
and lyophlllzed. 



Gerenda General de 
^ Blologlcos y Reactlvos 

< H. Escobeda 20, 
\.,C.P. 11400 

. Mexico D.F., Mexico 



Bothrops atrox asper 
Crotalus b. baslllscus 
Crotalus d. durlssus 



Antt-Crotalus 
and Ant1-Bothrops 



Producer or 
% Distributor 



Venoms Used 
In Preparation 



Trade or Common Name 



Comments 



Central America 



University de Costa Rica 
Culdad Unlversltarla 
Rodrlgo Faclo 
San Jose, Costa Rica 



Lachesls 
Crotalus 



muta 

d. durlssus 



Lachesls 
Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops" 
Bothrops 
Bothrops 
Bothrops 



muta 

al ternatus 
asper 

jararacussu 

jararaca 

moo J en 1 

lateralis 

cotiara 

nasutus 

neuwledl 



Polyvalent serum 



Precipitated with 
ammonium sulphate. 
Freeze-drled or 
liquid. 



c 



Polyvalent 



Mlcrurus nlgrodnctus 
Mlcrurus fulvlus 



Antlelapldlco 



Laboratory Veterlnarlos Bothrops asoer A k4W ^ A Precloltated with 

Cas111a5584 5^ atrol Jj o rop Ico S« JfpS I 

Guayaquil, Ecuador Bothrops xanthoorammus fonvaiente and supplied In 

1 iquid form. 



( Cont i nued) 



Table 2 Continued. 



Producer or 
Distributor 



Venoms Used 
In Preparation 



Trade or Common Name 



Comments 



Instltuto Nadonal de 
Salud 

Ave. Eldorado con Carrera 
Zona G, Bogota, D.E. , 
Colombia 



Laboratorlo Behrens 
Ave. Principal de 

Chapel 1 In Apartado 62 
Caracas, 101 
Venezuela 



Instltuto Naclonal de 

Hlcroblologla 
Avdo Velez 
Sarsfleld 563 
"Buenos Aires, Argentina 



Bothrops atrox 
Crotalus d. terrlMcus 



Crotalus d. terrlflcus 



Bothrops atrox 
Bothrops venezuelae 



Crotalus d^ terrlflcus 

Bothrops alternatus 
Bothrops neuwledl 

Bothrops alternatus 
Bothrops lararaca 
Bothrops Jararacussu 
Bothrops neuwledl . 

Hlcrurus frontalis 
Mlcrurus coralllnus 



AntlopMdlco 
Pol Ivalente 



AntlcrotaHco 

Antlbotroplco 

Antlcrotalus 
Bothrops Blvalente 

Tropical Polyvalent 

Antlmlcrurus 



Globulin precipi- 
tated with ammon- 
ium sulphate. 



Foreign-protein- 
reduced 



Purified by enzym- 
atic and differ- 
ential thermocoag- 
ulation techniques. 



Producer or 
Distributor 



South America 



EJerclto Argent 1 no 
Campo de Mayo 
Batallon 601 
Pcla de Bueno Aires, 
Argentina' 



Venoms Used 
In Preparation 



Centro de Zoollgla 

Appl Icada 
Unlversldad de Cordoba 
Pcla de Cordoba, 
Republics Argentina 



Crotalus durlssus 
terrlflcus 



Trade or Common Name 



Comments 



Antlbothrops blvalente 



rr 

Antlmlcrurus 



Antlbothrops blvalente 
Antlcrotalus 



Instltuto Butantan Crotalus dk terrlflcus 

Claxa Postal 65, 

Sao Paulo, Brasll lachesls muta 

Bothrops jararaca 
Bothrops moojent 
Bothrops cotlara 
Bothrops al ternatus 
Bothrops jararacussu 
Bothrops neuwiedl 



Antlcrotal Ico Pepsin-digested, 

and ammonium 

Antllaquetlco sulfate precipita- 

tion 



Antlbothroplco 



Table 2 Continued. 



Producer or 
Distributor 


Venoms Used 
In Preparation 


Trade or Comnon Name 


Comments 


South America . 




Crotalus d. terrlflcus 
Bothrops Jararaca 
Bothrops moojeni 
Bothrops cottara 
Bothrops al ternatus 
Bothrops jararacussu 
Bothrops neuwiedl 


Antlophldlco Pol Ivalente 




Svnte* do Brasla S.A. 
Rua Maria Candida 1813 
Sao Paulo, Bras 11 


Crotalus d. terrlflcus 
and 

Bothrops sp. 

Bothrops al ternatus 
Bothrops atrox 
Bothrops jararaca 
Bothrops jararacussu 
Bothrops cotiara 


Pol 1 val ente 
antlophldlc serum 

Antlbothroplc serum 


Pepsin digestion, 
and ammonium sul- 
phate preclpUa- 
tlonl. Final 
solution contains 
18X protein. 


. Instltuto Vital 

Brazil S.A. 
s Calxa Postal 28 Nlterol 
Rio de Janeiro, Brasll 

r 


Bothrops sp. 
Crotalus d. terrlflcus 
Bothrops sp. 
Crotalus sp. 


Soro Antlbotroplco 

Soro Antlcrotallco 

Soro Antlofldlco 
Pol Ivalente 




- Producer or 
, Distributor '* 


Venoms Used 
In Preparation 


Trade or Common Name 


Comments 


aoucn wnerica : ; 


Instltutos Naclonales 

de Salud 
Departamento de Animales 

Yenenosos 
Calle Capac 
Yupanqui n 1400 
Apartade n 451, 
Lima, Peru 


Bothrops atrox 
Bothrops blllneatus 

smaraqdlnus 
Bothrops castelnaudi 
Bothrops brazil! 
Bothrops ptctus 

Lachesis muta 


Suero antlbotroplco 
pol Ivalente 

Suero anttlacheslco 


Purified and 
lyophlllzed 


Europe 


Crotalus d. terrlflcus 


Suero antlcrotallco 




Instltut Pasteur 

Production 
3 Boulevard Raymond- 

Po1ncar£ 
92430, Marnes-la- 

Coquette, France 


Vlpera ammodytes 
Vlpera aspls 
Vipera berus 

Bltls arletans 
Bltls gabonlca 
Echls cartnatus 
Hemachatus haemachatus 
Naja haje 
Naja melanoleuca 
Naja nlgrlcolHs 
Naja Mvea 


Ipser Europe 
Ipser Afrlque 


Concentrated and 
purified to 12-13X 
protein. 



(Con i i nucd ) 



T*bie 2 Continued. 



Producer or Venoms Used 

Distributor In Preparation Trade or Common Name Comments 

Europe 



Vlpera ammodytes 
Vlpera lebetlna obtusa 
Vlpera palestlnae 
Cerastes cornutus 
Cerastes vlpera 
Echls carlnatus 
Naja na]a 
Naja haje 

Dendroaspls angustlceps 
DendroaspTs Jameson 1 
Dendroaspls polylcpts 
DendroaspTT v1r1dts 



Near and Middle East 



Dendroaspls 



Instltut Mirleux 
17 Rue Bourgelat 
69002 Lyon, France 

Laboratolres Lelong 
45200 Amllly, France 



Vlpera aspls 
Vlpera berus 



Vlpera ammodytes 
Vlpera aspls 
Vlpera berus 



S6rum antl-venlmeux 
purl f 16 MtMeux 



S£rum antl-venlmeux 
Lelong 



Producer or 
Distributor 



Venoms Used 
In Preparation 



Trade or Common Name 



Comments 



Hoechst Aktlengesell- 

schaft . 
Postfach 80 03 20 
D-6320 Frankfurt 

am Main 80 
West Germany 



Vlpera ammodytes 
Vlpera berus 

Bltls arletans 
Bltts gabonlca 
bltls carlnatus 
Naja haje 
Vlpera lebetlna 

Bltls arletans 
Bltls gabonlca 
Dendroaspls polylcpls 
Naja haje 

Echls carlnatus 
Naja hF}e 
Vlpera ammodytes 
Vlpera lebetlna 



Europe 



North and West Africa 



Centra) Africa 



Near and Middle East 



Prepared by pepsin 
digestion, and 
ammonium sulphate 
precipitation. 
Final solution 
contains 16% pro- 
tein. Supplied 1n 
liquid form. 



Twyford Pharmaceutical Agktstrodon rhodostom a Malayan olt vloer 

ft s f rv1 «s snake antlvenln 

Deutschland GmbH, 

Postfach 21 08 05 Calloselasma 
0-6700 Ludwlgshafen " 

am Rhelm 
West Germany 



(Cont inued) 



Table 2 Continued. 



Producer or 
Distributor 



Venoms Used 
In Preparation 



Europe 

Istltuto Slereoteraplco 

e Vacclnogeno 
Toscano "Sclavo" 
Via Florentine 1, 
53100 Siena, Italy 



Vlpera ammodytes 
Vtpera aspls 
Vlpera berus 
Vipera ursml 1 



Trade or Common Name 



Comments 



Ant tvlpertn 



Enzyme refined and 
supplied In liquid 
form. 



Istltuto Sleroteraplco 
Via Darvtn 20, 
Mllano, Italy 


Vlpera ammodytes 




Enzyme refined and 
supplied 1n liquid 
form. 


InstUut S*rotherap1que 

et Vaccinal Suisse 
Case Postale 2707 
3001 Berne, Switzerland 


vipera ammodytes 
Vlpera aspls 
Vlpera berus 


SSrum Antlvenlmeux 




Serotherapeutlsches 
; InstUut Wlen 
Trlester Strasse 50 
A-1100 Vienna, Austria 


Vlpera amnodytes 
Vlpera aspls 
Vlpera berus ( 
Vlpera Tebetlna 


Schlangenglftserum, 
"Sero" 

■ 




Institute of Immunology 

Rockefellerova 

2 Zagreb, Yugoslavia 


Vlpera ammodytes 


Antlvlperlnum 


_.\ • 

Digested with 
and precipitated 
with ammonium 



5 Producer or Venoms Used 

Distributor in Preparation Trade or Common Name Comments 



Europe 



Chemapol Foreign Trade 

Company, Ltd. 
Kodanska 46, 100 
Praha 10, Czechoslovakia 


Vlpera ammodytes 


Antlvlpera ammodytes 


Pepsin digested 
and precipitated 
with ammonium sul- 
phate. Suppl led 
1n liquid form. 


C 
3 

3 
3 

C 
Ci 
-< 


Institute of Epidemiology 

and Microbiology 
Sofia, Bulgaria 


Vlpera ammodytes Monovalent 

(This Institute also prepares the same 
serum In crude form for Albania.) 


Ammonium sulphate 
precipitation. 




Ministry of Public Health 
101 431, GSP 4 
Moscow K-51, 
U.S.S.R. 


Echls carlnatus 
Naja naja 
Vlpera lebetlna 

Naja naja oxlana 

Vlpera lebetlna 


Polyvalent 

Antl-Naja 
Antl-Vlpera 


No confirmation 
indicating product 
or processing. 




Africa 










InstUut Pasteur 

Rue de Docteur laveran 

Alger, AlgeMe 


Cerastes cerastes 
Vipera lebetlna 


Antl vlperln 







(Cont i r.ucd ) 



Table 2 Continued. 



Producer or 
Distributor 


Venoms Used 
In Preparation 


Trade or Conroon Name 


Conments 


Africa 


Instttut Pasteur 
Place Charles-Nlcolle 
Casablanca, Morocco 


Cerastes cerastes 
Vlpera lebetlna 


Antlvlpirln 




Inst 1 tut Pasteur 
43 Place Pasteur 
Tunis, Tunisia 


Cerastes cerastes 
Vlpera lebetina 


AnUvlpeVln 




A1 Algousa Shared 
Alvezara 
Cairo, Egypt 


Cerastes cerastes 
Cerastes vlpera 

Naja haje 
Cerastes cerastes 
Cerastes vlpera 


Antl-Vlpera 
Polyvalent 




The South African 
. Institute for Medical 

Research * 
P.O. Box 1038 
Johannesburg 2000 
Republic of South Africa 


Hemaehatus haemachatus 
Naja nlvea 
Naja hale 
Raja melanoleuca 
Naja nlgrlcollts 
Dendroaspls angustlceps 
Dendroaspls Jamesonl, 
Dendroaspls polylepls 
Bltls arletans 
B1 tls gabonlca 

. Echls carlnatus 


Polyvalent 
Echls 


Digested with 
pepsin and pre- 
cipitated with 

a mrvin \ im tulnhAtfr. 



Producer or 
Distributor 



XTFTcT 



Venoras Used 
1n Preparation 



Trade or Common Name 



Comments 



rr 



o 

2 



NtzSlmmon's Snake Park 
P.O. Box 1 
Snell Parade 
Durban, South Africa 



Middle East 



Dendroaspls angustlceps 
bendroaspls Jamesonl 
Dendroaspls polylepls 

Hemachatus haemachatus 
kaja nlvea 
Bltls arletans 
Bltls gabonlca 



Dendroaspls 



Polyvalent 



Digested with 
pepsin, precipi- 
tated with ammon- 
ium sulphate, and 
dlalyzed. 



Ministry of Health 
Dept. of Laboratories 
P.O. Box 6115 
Jerusalem 91060, Israel 



Echls coloratus 
Vlpera palaestlnae 



Antl-Echls 
Antl-Ylpera 



Whole venom plus 
resin-bound "neuro- 
toxin" used as 
antigen. Supplied 
as globulin frac- 
tion of horse 
serum in liquid 
form. 



Instttut d'Etat des 

SeVums et Vacclns Razl 
P.O. Box 656 
Teheran, Iran 



oxlana 



Vlpera lebetlna 



An tl -Cobra 
Antl-lebetlna 



Prepared by pepsin 
digestion, and 
ammonium sulphate 
preclpl tatlon. 



(Cont inued ) 



Table 2 Continued. 



Producer or ■ 
Distributor 

Middle East 



Asia 

Haffklne Blopharma- 

ceutlcal Corp., Ltd. 
Parel, Bombay *, 
India ... 



Yenoms Used 
1n Preparation 



Echls carlnatus 

Pseudocerastes perslcus 

Vlpera xanthlna 

Agklstrodon hatys 

Naja naja oxlana 
Vlpera tebetina 
Echls cannatus 
Pseudocerastes perslcus 
Vlpera xanthlna 
Agklstrodon halys 



Bungarus caeruleus 
Naja naja 
VTpera russelll 
Echls carlnatus 



Trade or Common Name 

Antl-Echls 
Antl-Perslca 
Antl-Latlfl 
Antl-Agklstrodon 



Polyvalent 



Digested with pepsin, 
concentrated and 
lyophlllzed. 



Central Research 

Institute 
Kasaull, India 


Naja naja 
Bungarus caeruleus 


Antl 
Antl 


-Naja 
-Bungarus 


Enzyme-refined 
globulin In" liquid 
and lyophlUzed 
forms. 




Vlpera russelll 


Antl 


-Vlpera 





Producer or 
Distributor 



Venoms Used 
In Preparation 



Trade or Common Name 



Comments 



TJTi 



Echls carlnatus 



Naja naja 
Bungarus caeruleus 
Vlpera resselll 
Echls carlnatus 



Antl-Echls 



Polyvalent 



National Institute of 
Health 

Biological Products Dlv. 
Islamabad, Pakistan 



Vlpera russelll 
Echls carlnatus 

Naja sp. 

Bungarus sp. 
Vlpera russelll 
Echls carlnatus 



Monovalent Vlpera 
Monovalent Echls 



Polyvalent Anti-snake 
Serum 



o 
3 



o 
r- 

8 



Industrie and Pharma- 
ceutical Corporation 
Rangoon, Burma 



Naja n. kaouthla 



Vlpera russel 1 1 slamensls 

Naja n_. kaouthla 

Vlpera russelll slamensls 



Mono-cobra 
Hono-Ylpera 

Blovalent 



Precipitated with 
ammonium sulphate 
and lyophlllzed. 



Queen Saovabha Memorial 

Institute 
Rama 4 Road 
Bangkok, Thailand 



Bungarus fasclatus 
Naja naja 

Oonioohacus hannan 



Bungarus 
Cobra 

King Cobra 



(Continued) 



Table 2 Continued. 



Producer or Venoms Used 

Distributor 1n Preparation Trade or Conmon Name Comment* 

Asia 

Vlpera russclll Russell's Ylper 

Agklstrodon * rhodostoma Malayan Pit Viper 

Trlmeresurus albolabrls Bivalent 
Trlmeresurus erythrurus 

*Cal1ose1asma 



Perusahaan Umum Bio Farma 

(Pasteur Institute) 
JI, Pasteur 20 
P.O. Box 47 
Bandung, Indonesia 



Agklstrodon * rhodostoma 
Bungarus Tasclatus 
Naja sputatrlx 

*Ca11oselasma 



Trlvalent anti-venom 
serum 



Purified serum 
suppl led In 1 1 quid 
form. 



Shanghai Vaccine and 


Agklstrodon halys 


Hamushl 


Precipitated with 


: Serum Institute 




ammonium sulphate 


1262. Yang An Road 


Agklstrodon acutus 




and lyophlllzed. 


Shanghai, China 









' National' Institute of Agklstrodon acutus 1 Agklstrodon Immunized with 

. 1 Preventive Medicine formal In— toxoid 

161 Kun-Yang Street Naja naja atra NjHji p. inQ , riJ . venom. Ammonium 

Nan-Kang, Taipei Bungarus muTETclnctus " dja Dun * aru5 sulphate preclpl- 

Taiwan ' tated, and supplied 



"Producer or Venoms Used 

Distributor 1 in Preparation Trade or Common Name Comments 

Asia 

Naja naja atra "Polyvalent neuro- 1n liquid or 

Bungarus multlclnctus toxic antvenlns" lyophlllzed form. 

Trlmeresurus mucrosquamatus 'Polyvalent haemorr- 

Trlmeresurus gramlneus haglc antlvenln" 



The Chemo-Sero- Trlmeresurus f lavovlrldls 
Therapeutic Research 

Institute Agklstrodon halys 

668 Okubo Shlmlzu 

Kumamoto 860, Japan 



Habu Pepsin digestion. 

ammonium sulphate 
Mamushl precipitation, and 

lyophll Ized. 



Takeda Chemical Agklstrodon halys Hamushl Pepsin digestion. 

Industries, Ltd. airmonlum sulphate 

Hlgasbl-Ku precipitation, and 

Osaka, Japan lyophlllzed. 



Research Institute for Agklstrodon halys Mamushl Pepsin digestion 

Microbial Diseases airmonlum sulphate 

Osaka University precipitation, and 

£! t ?' ku 1 lyophlllzed. 
Osaka. Japan 



Table 2 Continued. 



Producer or 
Distributor 



Venoms Used 
In Preparation 



Asia 



Kltasato Institute 
Minato-ku 
Tokyo, Japan 



Aqklstrodon halys 



Trade or Common Name 



Comments 



Hamushl 



Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlllzed. 



Chlba Serum Institute 
2-6-1 Konodal, Ichlkawa 
Chlba, Japan 



Agklstrodon f lavovlrldls 
(absorbed habu toxoid) 

Agklstrodon halys 



Habu 
Hamushl 



Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlllzed. 



Serum and Vaccine 
.. Laboratories 
Alabang Hutlnlupa 
R1za1 v Philippines 



Naja naja phi] ipplnensl s Cobra 



Concentrated and 
purified. 



Australia 



Commonwealth Serum Labs Acanthophls antarctlcus 
45 Poplar Road 

Parkvllle, Victoria 3052 Notechls scutatus 

Australia Enhydrlna schlstosa 

Oxyuranus scutellatus 

Pseudonaja text 1 1 1 s 

Pseudechls austral Is 



Death adder 

Tiger snake 
Sea snake 

Talpan r 

Eastern brown snake 
Brown snake or Hulga 



Prepared by pepsin 
digestion, and 
amnonlum sulphate 
precipitation. 
The products are 
dlalyzed and ultra- 
filtered to a final 
concentration of 
17X protein. 



Producer or 
Distributor 


Venoms Used 
In Preparation 


Trade or Common Name 


Comments 


Australia 




Oxyuranus scutellatus 
Acanthophls antarctlcus 
Hotechis scutatus 
Pseudechls australls 
Pseudonaja text 1 1 1 s 


Polyvalent 

(Australia-New Guinea) 
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. Flpirr 6-3. Human 
immunoglobulin fragments. 
TKc intact IgG molecule 

* m»* be Fragmented by . v . 
different reagents into sub- 
units. Digestion with papain 
occun on the amino side of 
the interchain disulfide 
bond and results in three 
""jor fragments, two Fab 
one Fc, and a minor 
fragment. Fab fragments 
cofuiat of an L*chain and the 
»mino half of an H-chain 
joined by a disulfide bond. 
tt>c Fc fragment consists of 

carboty halves of 
H -chains joined by a disul- 
*de bond. An additional 
*maJl peptide from ihe mid« 
dl« of the heavy chains 
containing a disulfide bond 



SR 
SR 



• L cftain 



_ — H cnain 



SR SR 



is also produced. The Fab 
fragment conuins an 
antigen-binding site and 
reacts with, but docs not , 
precipitate, antigen because ' 
it is monovalent. The Fc 
portion is responsible for 
biological properties such as 
complement fixation. *. 
- Digestion with pepsin occurs 
onthecarbosysidcofthe 
interchain disulfide bond 
and results in two F(ab # ) 
fragments joined by a 
disulfide bond because one 
of the disulfide bonds 
joining the H-cKains is'pre- , 
served. This fragment. ' 
F(ab*),. reacts with and pre- 
cipitates antigen because it 
U divalent (conuins two 
antigen-binding sites). 



Additional peptide frag- 
ments, some containing 
disulfide bonds, are 
produced by the action of 
pepsin, presumably due to 
further digestion of the Fc 
fragment. Reduction of .. 
disulfide bonds, alleviation of 
free SH groups (R - 
CH,CONH,).and 
denaluration of ionic and 
hydrogen bonds result in lib- 
eration of pol>pepiide 
chains— two L-chains (MW 
22,000) and two H<hains 
(MW 50.000). Each polypep- 
tide chain contributes to the 
antigen-binding site of the 
inuct Fab fragment. Thai 
portion of H-chain present 
in the Fab fragment is called 
the Fd piece. 
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sarins feus »nd m»y b« *< 
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Levels of Therapeutic Antivenin and Venom in 
a Human Snakebite Victim 

CHARLOTTE L. OWNBY, PhD, SANDRA L. REISBECK, DVM, Stillwater, OK; 
and RUSSELL ALLEN, MD, Oklahoma City, OK 

ABSTRACT: An cruyme-linked immunosorbent assay was used to measure (he levels of 
therapeutic a^tjycnm (Antivenin fCrotalidae] Polyvalent, Wyeth-Ayerst) in scrum and the levels of 
venom in the urine of a patient bitten by a western diamondback rattlesnake (Crotalus atrox). Serum 
and unne samples were taken on admission, during hospitalization, and during follow-up until 5 
months after the bite. Photographs were taken of the bite site on admission to the hospital and during 
follow-up Serum evels of therapeutic antivenin were highest between 1 and 3 days after the bile but 
were still detectable 46 days as well as A months after the bile. Crotalus atrox venom was detectable 
in the urine A days after the bile and was siilLmsasurable 6 days after the bile. r ' v,/. : 

Venomous snakebite is a serious medical problem in many parts of the world, and the most widely 
accepted treatment is serotherapy with either specific antivenin or more commonly with a polyvalent 
antivenin In the United States, serotherapy using Antivenin (Crotalidae) Polyvalent (Wyeth-Aycrsl 
Manena, Pa) is still the recommended treatment for serious snakebite cases. 1-3 Debate continues 
about the appropriateness of using antivenin, the route ofinjection, the dose to give, and when to'-" ' 
•^minister .1. This is due, in part to the lack of knowledge about the pharmacokinetics of venom in 
he human patient. The enzyme-linked immunosorbent assay (EL1SA) has been used to measure the 
levels or venom in the scram of snakebite patients in an effort to determine ihe pharmacokinetics of . 
venom, to measure the levels of therapeutic antivenin after administration, and to assist in the • " ^ 
°n!f Smc* 1 m ° re eff " tivc «' e *u™nt regimen. There have been some studies reporting the use : 
or the ELISA to measure the amount of venom in the scrum of human snakebite patients 4-10 but- * =- 
only one of these studies was done for snakebite patients in the United Stales. In 1987, MintonlO 
reported the use of an ELISA to determine the presence of pit viper venoms in various specimens ' 
Horn human snakebtte cases in the United States. In this study, he reported testing the mine from one 
person, but no venom was detected. 

Studies that measured the amounts of circulating therapeutic antivenin after adminsrralion to a 
snakebite patient arc even more rare. One study done in Brazil suggested that too much antivenin 
)n? ^T 8 ° dm ' ms,crcd - 1 1 Thjs inclusion was based on the finding that blood antivenin levels were 
still high after the envenomalion had subsided. There hove been no published studies on the blood 
levels or therapeutic antivenin after administration lo a snakebite victim in the United States Wc 
report here results from the measurement by ELISA of serum levels of therapeutic antivenin' 
administered to on individual bitten by a western diamondback rattlesnake (Crotalus atrox) and the 
detection of venom in the urine. 

CASE REPORT 

The patient was a white man who was bitten on the left thumb by a western diamondback rattlesnake 
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{Crotalus o(rox) that was part of his private collection. Identification of the snake was confirmed by 
one of us (R.A.). The bite occurred between 12:30 am and 2:50 am, and the patient arrived at the 
hospital emergency room at 3:15 am. On admission, blood and urine samples were collected, the 
patient's blood was cross-matched, and a complete blood profile was done. Photographs of the hand 
and arm were taken. The patient was tTcated with 10 vials (a total of 100 mL) of Anlivcnin 
(Crotalidac) Polyvalent (Wyelh-Aycrst). The first four vials (total of 40 mL) were administered by 
intravenous push. Over the next 4 hours, two and (hen four more vials of anlivcnin were given in 
about 500 mL of physiologic saline. A mcthyiprcdnisolonc (Medrol) dose pack was started and 
silver sulfadiazine (Silvadcnc) ointment was opplicd to the local lesion. The patient was discharged 
from the hospital on the third day after the bite and was seen for follow-up on the sixth day. as well 
as at 1 month. 6 weeks, 10 weeks, and 20 weeks after the bite. Scrum and urine samples were taken 
at follow-up visits. . 

Enzyme-Linked Immunosorbent Assays (ELlSAs) 

Microliter plates (Coming nonslerile 96-well, flat bonora polystyrene) were coated overnight at 4 
decrees Cclcius with Crotalus arrox venom in coaling buffer (0.1M Na2C03/NaHC03 bufTcr, pH 
9.6) at a concentration of 1 pg/mL (detection of therapeutic antibody) or various dilutions of 
antivenin (detection of venom). A volume of 200 p I/we 1 1 was used throughout all assays. Between 
incubations, plates were washed (3X) in 0.I5M NaCI containing 0.05% polvsorbate (Tween). A 
blocking step using 2% BSA in jncubation buffer (PBS-Tween) for 1 hour at room temperature was 
used before addition of samples. Rabbit antihorsc IgG or goat antirabbit lgG labeled with alkaline 
phosphatase (Sigma Chemical Co, St. Louis, Mo) was used for 1 hour at 37;C at a dilution of 
1:1,000 in incubation buffer. After the last washing step, the substrate (p-nitrophenyl phosphate 
dtsodium, Sigma Chemical Co) in 1M Tris bufTcr containing 3 mM MgC12, pH 9.8, was added and 
the absorbance.at 405 nm was measured using a Molecular Devices EL1SA plate reader, 

Measurement of Therapeutic Antivenin Levels 

The ELISA used to assay scrum samples for their contcnl of therapeutic antivenin was essentially as 
described. Blood samples were collected without anticoagulant, and the scrum was separated and 
stored at -20 degrees Cclcius until assayed. Before assaying the serum samples, preliminary assays 
were done to determine the best antigen (venom or venoms) to use for detection of therapeutic V 
antivenin. Four venoms arc used as inimunogcns in the production of the therapeutic antivenin - * 
(Crotalus atrox t Cadamanteus t C durissus tcrrificus % and Dothrops atrox) t and the serum of interest 
came from a patient known to have been bitten by the western diamondback rattlesnake (C atrox). ' / 
1 hus, it was necessary to determine whether C atrox venom alone or a mixture of all four venoms - : " 
would be the optimum antigen to use for detection. Microliter plates were coated with either C atrox 
venom (1 pg/mL) or a mixture of the four venoms at a final concentration of 1 pg/mL' The assay"**"" * 
was done as described. Therapeutic antivenin (Antivenin (Crotalidae) Polyvalent) at different . 
dilutions in incubation buffer was added and incubated at 37 degrees Celcius for 1 .5 hours. 
Antihorsc IgG conjugated with alkaline phosphatase at various dilutions was added. It was 
determined that coating with C atrox venom alone yielded the most sensitive ELISA; therefore, this 
procedure was used for the remainder of the assays in the study. 

For assaying the patient's scrum for therapeutic antivenin, Crotalus atrox venom was used to coat the 
plates, and the procedure was the same as described. Test samples, antivenin (lot No. CX13AZ) 
standards (ranging from 1:10 to 1:160), and normal human scrum (negative control) were diluted in 
l°/o BSA in incubation buffer and added in duplicate to the wells. The remainder of the assay was the 
same as described. Other controls included coated wells that received no sample, wells thai received 
no conjugated antibody l and wells that received incubation buffer only. 

Measurement of Venom Levels 

1 he ELISA was also used to measure the amounts of C atrox venom in scrum and urine at different 
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r^T;' «^;,f 1 ",Tc n0rn!2atl0n ^ nnC S2m?,CS U ' cr: * 0Kn 25 "2°<isgr=« Celcius until used. For 
tnese assays plates were coated w„n a monovalent rabbit antiveain toCcrox venom produced in 

Z CoT. nf^ ^°nn°'7 \ 0k]zh °™ StaiJ University, « previously described' by Own v 
H 000 SLh? J I , d 4 : i°°- An ^ rSC ,S f G COn j U S atcd ^kaline phosphatase (dilution of ' 
1.1.000) was added at ,7 degrees Cdcius for I hour. Washing steps and detection with substrate 
were as ocscnocd. Crotalus atrox venom dilutions in incubation buffer were assayed on each plate as 
e positive control and to prepare a standard curve for venom. Control human serum or urine at the 
same dilutions as the test samples was used as a negative control. 

RESULTS AND DISCUSSION 

HsurcJ. shows the determination of the levels of therapeutic antivenin in the scrum at various times 
ancr administration. The first measurement was made on scrum taken before antivenin 

^nT?!^ 3 a a , b$ ° rl ? ancc . Icvc ' was bclow °100- The level rose quickly and remained high 
until the fifth day after administration. Between 5 and 30 days after administration, he decline in 
antivenin levels was more gradual, then stayed essentially the same until day 45 Low levels of 
antivenin were detectable at 46 days and even 4 months after administration. These results arc 
conststcnl w,th those of the three previously published studies in which levels of therapeutic 
antivenin were measured. 11, 13, 14 In one study, the levels of monospecific anuvenins were 
measured in patients bmen by the Malayan pit viper, Coltoselosma rhodostoma, and with all three 
antivenms used the plasma levels declined rapidly over the first 10 hours and then decreased more 
gradually over the next 90 hours.14 The first part of this biphasic decline was attributed to the 
torrnation of venom-antivenin complexes and possibly some tissue distribution. The second pan of 
the decline >vas attributed to elimination of the antivenin. The investicators found that in 8 of 26 

SnZVt K ^ i 'S-r? 1 "™ T T dUn ' ng this limc ' indicatrn S tha < Perhtps more antivenin . 
should have been given In a different study.jerum samples from patients bincn by various Bothtops ' 
species were analyzed for their content of therapeutic antivenin. 1 1 Acain, a rapid decline in 
antivenin levels was observed in the first few hours after administration, followed by a slower 
decline over the next > days, with complete elimination by 40 to 50 days after administration. In this 
stud) the blood levels of venom did not mcrcase after administration of antivenin, and the authors 
indicated that the doses of antivenin were excessively high. All of these studies, including ours 
indicate that the ability to measure the blood levels of therapeutic antivenin and venom could be' 
valuable in assisting uhc attending physician in decisions about whether more antivenin is required 
ror neutralization of the venom. ni«. M unc U 

gptrj^ shows the determination , of Crotalus ctrox venom in this patient's urine. Venom was not 

S t? ? back 8[ ound ""Hi the fourth day after the bite, and it was still measurable 6 days - 
after the bite. An absorbance value of 0.140 was determined from the standard curve (not shown) to 
represent approximately 20 ng/mL of venom in the urine. These results are consistent with those of 
oUxcr studies in , which the presence of venom in the idnc was delermined.5,9 In follow-up of ' • 
patients bitten by the Malayan pit vmer Ho e t a!5 found detectable amounts of venom in the urine in 
SS /o of the patten s on admission, but they did not measure urine venom concentrations after that. In 
a study of venom levels in patients bitten by European vipcrs,9 an ELISA was developed to measure 
venom m the urine but no unne levels were reported in the paper. The same group of investigators 
previously reported that venom levels .n the urine ore similar to those measured in the serum and that 
a lower background was obtained ,n the assay of urine than in that of scrum.8 Wc also found this to 
be the case, and therefore wc arc not reporting any scrum venom levels in this case. Audcbcrt ct al8 
also suggested that the concentration of venom in the urine might be a better measure of the severity 
of the snakebite poisoning but cautioned that the levels of venom in the urine might depend on the 
volume of unne in the bludder at the lime of sampling. 

In the only report of measurement of the levels of pit viper venoms in humans in the United 
Slates. 10 urine was tested from one patient, and it was found to be negative using antibody 
conjugates prepared against the venoms of ,Crotalus otrox, C scutulata, and Agkistrodon contortrix 
1 he author explained that the negative result could be because of failure of the test procedure or 
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be cause of the manner of specimen collection, but no details arc given. He did discuss the 
importance of improving the sensitivity and specificity of the ELISA used for such studies. 

in conclusion, we report here for the first time the levels of therapeutic antivenin in ihe serum and 
the level of venom present in the urine of a human bitten by a western diamondback rattlesnake 
(Crota/us airox). These data indicate that therapeutic antivenin levels can be measured and thai the 
venom, at least in this case, first appeared in the urine 4 days after the bite. 
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STRONGLY ENHANCED TOXICITY OF THE MUSHROOM 
' TOXIN e-AMANlTIN BY AN AMATOXIN-SPECIFIC FAB OR 
MONOCLONAL ANTIBODY ' 



Heinz Faulstich.'* Karin Kirchner' and Massimo Derenzini-' 

*M&A-Plinck*lni(itut l*uf Mc<Ji;ini»che Forichunf. Heidelberf. F R.C.. and 
Mitituto die Patolo|ta Generate. Unncruu di Bolojni. ((alia 

\Atct9ttd for publication I? So*<mt><r I987J 

H. Fmasticm, KuCmM* and M. Dct(*:i.«t. Stronjly enhanced toucity of the muihroom 
:own «*amantnn by an ama(Oiin*tpcciftC Fat) or monoclonal antibody ToMicon 16. J9I - JW, 
NSS — A monoclonal jntibocy. «*ith htfri affinity agamit the muthroom toun j*amani(in, -aj 
prepared. Admmittraoon of the Fab l/a cmem of the monoclonal antibody to mice cauied a j\ 
*0*fold increase in *-imanmn toxicity. Electron mtc.'Of rapru iho^cd normaj appearance of ' V T t .' ; 
heratocytcs but typical, amamtin-mduced leuons in cells of the proumai convoluted (ubulci of j * ; ' 
t.*»c kidney. The pronounced nephrotoxicity is mainly explained by glomerular filtration and / % y]'. 
tubular resorption of the Fab*amato.ttn complc.i and. to a lesser extent, of the ' 7 / 
immuno|Iobulm - amatoxin .'omplcv «hich is still <\ t»i<e is toxic as free ••anunitin. To our " r } - 
lno~ledf e this is the first reported case *»he:e immunoilobulins or meir frafmcnts enhance ratner \ 
than decrease the activity of a toxin. Accordintiy. immunotherapy of Amanita mushroom , 
poisoning in humam'joct not appear prommnf . 



INTRODUCTION 

. •*.. ■ '* >■ r'j^t' • \ - * ' / * : . - : , '■' ^-h^J- 

EaRLV ATTEMPTS at using scrum to reverse mushroom toxicity date back to (he beginning 
of this century (DUMRRIC DE La Riviere, 1929). At that time a horse was 'immunized': 
with crude extracts of Amanita phatloidcs* but the efficacy of the serum was never clearly 
proven. In retrospect it seems unlikely that native amatoxins, peptides of c. 900 mol. wt, 
would exhibit any immunogenic activity. Antibodies against amatoxins can be obtained 
when the peptides arc conjugated with proteins. However, amatoxins bound to proteins 
?re extremely poisonous for animals (CESSI and FlUME. 1969; DERENZINI e( at., 19"3: 

ONETTI e( a!.. 1974). AJpha- and /J*amanitin were tolerated, however, when attached to a 
glycoprotein, fctuin. as a carrier. The sera obtained were mainly used for diagnostic 
purposes (Faulstich a at.. 1975. 19S2: Fiume a a/.. 1975: FaULSTICH. 198-1). 

Rabbit antibodies have been assayed also for their immunothcrapcuiic efficacy 
(KiRCHNER and FaULSTICH. 1986). It was shown that a purified fraction of the polyclonal 
immunoglobulins was of no therapeutic value in mice, but rather increased the toxicity of 
camanitin by a factor of t w o. In the present study wc describe the preparation of a 
monoclonal antibody against o-amanilin, and an approach to immunotherapy using this 
immunoglobulin or its Fab fragment. 



* Author to whom request for reprints should be addreucd. 
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H. FAULSTICH <t el. 
MATERIALS AND METHODS 



!*H|-6-0*me(hjrl-dehrdfoiyni<ihy'-*'* m * n ' t ' l » («P*c. activity - 7.4 Ci/camolc) prepared in our 

laboratory (FaCUTICh tt W.. 1975). The punty of the labeled cocapoyn* «aj laccrvuncd by its typicaj U.V. 
ipectrum and by thin layer chromatofriphy . On silica (HF"". Merc*. Dermrodt) developed with chloroform 
(651 methanol (?5) <*atcr (*) it rcproenced a linclc spot detectable t^TX V.*4b*orp(ion. Scraped off and clutcd 
~ith methanol the eat/act contained > 90*» of the toui rxdioaoJviry 'tpp/wd to the lilica plate. 

Beu-imanittn ^ai pre pa-red from aqueous cttracu of Anwuta ptatloida rauah/oomi by ehromaioi raphic 
procedure! {FaCLT:iCk tt at., 1973). performed on a prcp*rmu*o acaJc. The to tin «*u coupled to fecuin (Sigma. 
Munich) at desenbed previously (KitCH»Ci aj\d FaulttiOc. 19M). The molccuUr rauo of amatoun attached to 
the protein at determined by spectrophotometry U. M - I J. 500 M"cn>") w U t.l. AJiquoti conuunint 25 »t 
unitoun '-ere mued **tth Frcund'i complete adjuvant and injected tntncutioeously into Wisu/ rats of 200 t 
boor ~ci|ht. T»o booster injections. c-»ch containing JO »f amatoun in 0.9^i NaCl. «cre administered t.rr 
* and :0 weeks after the first injection. Blood wunpto (0.3 ml) ui.cn from the uit vein ) »rcks after caci. 
antnen injection *erc analysed for their tiieri of amitoun-spcoTic antibodies by ELISA. 

Earyme. linked immunosorbent assay (ELISA) v/aj performed accordinf to the method of EnCVaLL (19*0). 
The ajtay used an •*amanittn conjugate of bo* inc scrum aJbumin (FaCLTTICm and Fuxt. 1913: FaulttiCM tt 
*/.. 191)) attached to the walls of microliter *elli (Dynatcch. Dcntendorf. FRO) at immunoadsorbant, and 
anu-rat-tfC (of the rabbit) coupled to horseradish pcrouduc (Milei. Frankfun) for detection. 

Spleen cells of the immunued rats *-crc fused ~iih mouse myeloma cells (P) -X-6J*A|8-65 J), and hybridoma 
colorun *»crc isolated accordinf to the procedure of Lo*>ay tt oL (1911). Colonics producinc amatoun-spccific 
antibodtct »erc sub<loned by the limiting dilution technique (Coooi>c. 1910). A selected amatoun-tpecific 
hybndoma clone *u raised in nude mice. Ascites fluid **as harvested after 10 to -0 days and (he monoclonal 
antibody *as purified by affinity chromatography on Protetn-A*Scpharotc G 48 (Pharmacia. Uppsala) 
(McCUGOt tt «/.. 1953). The immunoglobulin ~u cha/acterued by immunodiffusion (OtCKTrtLOKY. I9f 
uung itotyr<*i9ccific antiscra (.Miles. Frankfun). Fab-fragmcnu w C re obtained (Roimocx tt «/.. 19t3l 
dtffition «tth mcreurtpapJin. The F*b*fragmcnt ~*i separated from F<«fragment and undigested 
immunof lobultn by paiuge through a Protein«A«Scpharote CI J 8 column. Spectrophotometry of the amanitin* 
immunoglobulin complex and the equilibrium diajysis experiments have been described elsewhere (KixchpCR 
and F*t.\J7iCK. 19161. 

Female mice (NMRt) of 11-25 g body**ct|ht *ere poisoned by i.p. administrations of various doses of 
**amanitm. About one mm after the toxin injection the animals received t.v. equivalent amounts of monoclonal 
IgG or Fab. All protein fractions contained 0.9 r * NaCl and v# C re ticnlitcd by ultrafiltration immediately before 
use. A group of mice ceccixed xanout dotes of ••xmanitm t.v. complcxed ~ith IgG, The complca *ai prepared 
b> incubating I equivalent of IgO »(tn 2 equivalents of «-amanttin 1 hr before administration to (he animals. 

For electron microscopy, kidney timples *er< fixed, immediately after animal sacrifice, in 
glutaraldehyde in 0.1 M Sorenscn suffer. pH and post-fixed in IS OsO. in the wme buffer. After alcop-' " 
deh)d:ation. :hc samples *crc embedded in Epon, L'ltruhin sections were named "ith uranium and lead * 

' RESULTS r ' 

Preparation of the monoclonal antibody and its Fab fragment 

Ascites fluid of nude mice contained up to 7 mg/ml amatoxin-specific IgG. Because of 
the absence of host-specific immunoglobulins the antibody was easily purified by affinity 
chromatography on Protein-A-Sephaiose (McGregor tt 0/.. I9S3). In SDS-gcl 
electrophoresis the purified immunoglobulin appeared as one heavy chain and one licht 
chain (Fig. I). 

The subclus of the monoclonaJ IgG was determined by immunodiffusion 
(OiXTNTERLONV, I96SK and found to be IgG2a. Elution of an IgG2a from an affinity 
column required a glycinc/HCI buffer of pH 3, and aJthough it was neutralized 
immediately the treatment may hive caused partial denaturation of the globulin. 
Spectrophotometry examination of the binding capacity (KiRCHNER and FaULSTICH, 
I9S6) showed, however, that the binding ratio of o-amanitin to immunoglobulin wai 
1.92 : I, which is close to the expected vaJuc of 2 : 1. 

For preparation of the Fab fragments the IgG2a wai digested with mcrcuripapain. The 
reaction was complete after 2-3 hr ai shown by the appearance of only two bands "X 
SDS - PAGE corresponding to Fab and Fc fragments. Ai illustrated in Fig. 2, undigcsi. - 
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Fic. t. ArriNirr rcuncoios or * monoclone immcsocio»lli> rao*< tmc <scitu or *toe 

micc u roLtowto it SOS - PACE. 
Unc I, J, J, \ 9: emdc atones of 3 aninult (the major bind ts momc aJbumin). Line 2. 4. 6. I 
10: the monoclonaj immunoglobulin frac:ioni after purification. Only (he heavy (H-J and light 1 
(L-) chajn of the IgC are visible. 

heavy chain was still visible after I hr. while after 4 hr of digestion side products were' 
- detected. Again. Protein-A-Scpharosc was used to separate Fc fragments and unmodified 
J from Fab, which was obtained in ca.-90*« yield. * ,■ V "..*•■ :» ?♦ ;T 
The affinity of the monoclonaj IgG2a and its Fab fragment for anatoxins was assayed 1 
by equilibrium diaiysis experiments (KlRCHNER and FaULSTICH, 1986), using a iritium^ 
labeled anatoxin, ( J HN6'.0-methyUdehydroxymethyl-o.ajnanitin. In 8 experiments the * 
labeled .amatoxin derivative exhibited a mean dissociation constant (K 0 ) of 4.0 r 0.2 nM 
(graph not shown). In similar experiments the Fab fragment showed a K 0 value of : 
3.8 nM, and was thus the same within the limits of error. 

Toxicohiical studies 

In NMRI mice used for the toxicologicaJ experiments, o-amanitin showed an LD* vaJue 
of 0,75 mg per kg body weight. The toxin was administered i.p., which gave the same LO 10 
vaJue as that given by i.v. administration. The animaJs died from liver dystrophy, from 
the third day onwards, 

When mice were poisoned i.p. with an LO w of o-amanitin, and treated subsequently i.v. 
*ith an cquivaJent amount of monoclonaj IgG, or Fab, aJI animaJs died, some of them 
earlier than the controls. This suggested to us that the antibody and the Fab had not 
decreased but rather enhanced the toxicity of o-amanitin. Indeed w C showed that the LD* 
of o-amanitin in the presence of its immunoglobulin was 0.39 tng per kg body weight, 
^responding to a 2-fold increase of toxicity. A much greater increase of toxicity 
occurred when the poisoned mice were treated with Fab, In this case we determined an 
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L0„ of 0.015 ms per kg body weight, which corresponds to a roughly 50-fold increase in 

toxicity (Tabic 1). , 
In order to identify the preferred target of o-amanitin under these conditions, livers ana 
ktdnevs of the animals were examined by electron microscopy. In the Fab-treated mice the 
hepatocyics appeared completely normal (not shown), while considerable nuclear lesions 
were found in the proximal convoluted tubule cells of kidney (Fig. 3a. b). Sincere 
nuclear lesions appeared as soon as 2 hr after poisoning we conclude that damage ol the 
kidney tubule cells was the primary toxic event. According to this finding most o: * 
animals are likely to have died from kidney failure, due to severe necrosis of the pro.\::. 
convoluted tubules. .. 

As whh the Fab-treated mice, the animals treated with the whole immunoglobulin 
exhibited nuclear lesions predominantly in the kidney. These lesions occurred later than in 
-he Fab-treated mice, but after 6 hr mosi of the nuclei of the proximal convoluted tubule 
cells had changed their structure. As in the Fab-treated animals the hepatocytes or the 
immunoglobulin treated mice appeared normal. There were, however, scattered nuc ear 
lesions in some of the sinusoidal cells. After 48 hr the kidney cells of the immunoglobulin- 
treated mice had developed a severe necrosis. 
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At\ general, the monoclonal immunoglobulin as w C II as its Fab fragment had protected 
the hepatoses of mice from amanitin toxicity, but had caused severe amanitin lesions in ' 
: cells of the proximal convoluted tubules, leading, in both cases to an enhanced toxicity ~ 
jnd to death by kidney failure. 
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OISCLSSION 

Toxicity in mice of o-amanitin (i.p.), followed by i.v. administration of a monoclonaJ 
antibody, is very similar to the toxicity caused by i.v. administration of the amanitin- 
immunoglobulin complex, as indicated by the same LD* value and a similar course of 
intoxication (data not shown). Presumably the toxin when administered i.p. is trapped by 
: immunoprotcin soon after entering blood circulation. . . . t / * \ 

Trapping by immunoglobulins can decrease the nitration rate and thus rctaj'd rcnaJ ' 
excretion of smaJI molecules as shown, for example, for digoxin (Schmidt tt at.. 1974). ; 
This effect may enhance the toxicity of low mol. wi compounds, and it cannot be excluded 
that such an effect contributes to the higher toxic activity of o-amanitin in the presence of 
us immunoprotcins. However, more important for the increased toxicity is ccnainJy that 
complexing amatoxins to Fab or immunoglobulin changes their target cells. 

Free anatoxins cause lesions predominantly in the parenchyma] cells of the liver. In 
contrast, when amatoxins arc covalently linked to albumin, or other proteins, they mainjy 
effect cells involved in the protein turnover of the organism (DERENZINI tt at., 1974). such 
; macrophages, sinusoidal cells of the liver and protcin-absorbing cells of kidney. 
Damage to these kinds of cells leads to markedly enhanced in vivo toxicity, (for a review 
sec FaULSTICH and FlUME. 1985). As shown in the present study amatoxins. when 
administered together with their immunoprotcins have an in vivo toxicity much higher 
than free amatoxins. In addition, they do not affect hepatocyrcs but those cells of liver 
and kidney which are largely involved in the turnover of proteins. We therefore conclude 
that the immunocomplcxcs of c-amanitin exhibit toxic activities very similar to amat xins 
covalently linked to proteins. 

While anatoxins conjugated with proteins mainJy affect macrophages and sinusoidal 
.ells, the immunocomplcxcs of amatoxins exhibit specificity for kidney cells. Nuclear 
lesions found in the cells of the proximal convoluted tubules arc shown in Fig. 3, They 
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The nucleus of the tubule cell tho* I a marked condensation and mart inatton of chromatin and a 
cluttering of rtbonuctcoproictn uructurcs <a;:o«ti BB. bruth border. Bar, I nm. 



include fragmentation and segregation of ribonudcoprotcin components, chromatin"^ 
clumping, clustering of intcrchromatin-like granules and accumulation of pcrichromatin— .* 
like granules. These changes correspond to the lesions induced by free amatoxins in ihc 
hepatocytes of mouse and rat (Marinozzi and FtL'ME. 1971). 

The occurrence of nuclear lesions in kidney tubule ceils indicates that complexes of 
immunoprotcins and amatoxins are subject to glomerular filtration and tubulv 
reabsorption. This is not self-evident, because the filtration rate of proteins decreases w 
increasing mol. wt. Albumin (66,000 mol, wu. for example, has a glomerular sieving 
coefficient of only 0,0001, (BaLOamcs et o/„ 1971) and the filtration rate of 
immunoglobulins (155,000 mol. wt) is even lo*cr (Rovira-Haiback et aL % in press). 
Nevertheless filtration and rcabsorption of the imanitin-immunoglobulin complex must 
be high enough to produce after several hr a toxin accumulation in the proximal 
convoluted tubule cells which causes kidney failure and finally death of the animaJs. 

Fab fragments are filtered much more efficiently than immunoglobulins. With a mol. 
of 45,000 they resemble Bcncc- Jones proteins (-w,000), which have a glomerular 
sieving coefficient of 0.09 (MaaCK et al. % 1 985). Accordingly. Fab fragments do . % t 
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retard urinary excretion of small molecules as do immunoglobulins (SUTLER a c7, t 197"). 
The high filtration rate of the Fab-amanitin-complcx followed by extensive reabsorption ~-\ 
'*n the tubules is clearly the crucial cause of the 50-fold increase of o-amanitin toxicity. > ; : 

The present study was prompted by reports that high-affinity antibodies raised against ' , 
digoxin were able to reverse the toxic effects ! of the drug in animals (CURD tt al.; 1971;^ 
; Schmidt and Butler. 197 1; Zalcberc 'h <?/.. 19S3: Smith etat. t 1979: Butler etal.^, 
1977), Moreover, Fab fragments of the digoxin-specific antibodies were successfully & 
employed in a case of -human suicidal digoxin poisoning (SMITH e( oL % 1976)* .Such >v 
beneficial effects were not observed with the amatoxin-specific immunoprotcins. This**^ 
failure is most probably explained by the different locations of the targets of the two 
toxins. Incorporation of digoxin into tubule cells prevents the glycoside from binding to ■ 
its target enzyme, the Na'/K'-depcndcnt ATPase located on the outer surface of plasma 
nembrancs, Alpha-amanilin, on the other hand, when complcxcd with its Fab, 
apparently uses the protein as a vehicle for penetration into tubule cells thereby gaining 
access to its target enzyme, the DNA-dcpendcnt RNA polymerase II (or B) (STIRPE and 
FlUME, 1967). Thus, the toxic activity of digoxin can be expected to be decreased, while 
that of o-amanitin may be greatly enhanced. 

In conclusion, the present results speak against the fcasability of an immunotherapy of 
human Amanita poisoning using a monoclonal antibody or its Fab fragment. They 
confirm our previous finding that purified polyclonal antibodies of rabbit enhance 
amanitin toxicity in the mouse by a factor of two (KlRCHNER and FaULSTICH. 1986), On 
the other hand, the Fab-treated mice died from very low doses of o-amanitin indicative of 
x highly specific targeting of the toxin to the proximal convoluted kidney cells. It is 
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therefore possible thai ihc c-imanitin/Fab-trcaicd mouse could be employed as a model 
for studying acute kidney failure. 

Ac*KO~1cdtentnu — This ~ork jupponcd by * grant from the Ocuuchc Forvrhuntucmcinschi.'i. 
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of Intraperitoneal Drug Therapy: 
Studies Using Digoxin as a Model Drug 

JOSEPH BALTHASAJV and HO LEUNG FUNG 

Q*C4.~.rr>+rn of Ptnsm*c*strC3. School of P/>«/m*cy. SlMft Un/vvnrty of /V#w Y<yk At 6uff*Jo t Batfdo. York. 
ac=odi«3 tor puOfcanon OcroOor 27, 1993 



ABSTRACT 

The cifec* administration of chemotherapeutic agents into the 
t>er::oneeJ cavify has been investigated as a method to treat 
cat. cars residing within the peritoneum. The benefits of i.p. drug 
acrt<mstration are limited, however, by We systemic toxicity of 
anoneootasttc arugs whicn diffuse out of tne pentorieum and into 
;ne goner aJ circulation. We propose mat antidrug antibody frag* 
mens may be useful in binding chemotherapeutics in tne generai 
crcjiaiion, tnereby reduang the systemic tissue exposure and 
toxiary resulting from such i.p. therapy. Inasmuch as antibody 
fragments directed against antineoplastic agents are not avail- 
ace. we tested our hypothesis by using i.v. administered ovine 
an::c»gox»n Fab fragments and determined their ability to limit 
dtgcxm tissue exposure and toxicity in mice after an i.p. digoxin 



injection. The rate of digoxin disappearance from the pen tone ai 
cavity and the fracaon of digoxin unoound in the pentoneal cavity 
were aiso assessed to determine the effect of the antibody 
fragments on peritonea! exposure. Our results showed that the 
anodigoxm anobooy fragments can greatly decrease digoxin 
tissue exposure and toxory without affecting pern one ai expo- 
sure, unbound fracaon of digoxin in the pentoneum or peritonea) 
digoxin disappearance rate. Although the utility of drug-binding - 
antibodies and anybody fragments for the treatment of drug : v 
intoxication is we*l known, these results demonstrated the po-*. * - 
tential ability of anodnjg antibody fragments (o improve the sue- * 
specrfory of drug rterapy. 



Di.-ec: cruf delivery into the peritonei! compartment has 
beer, itucied as 4 method to treat cancers residing within the 
p<:;;aneum. It has been theorized that i.p. edministratioa of 
car.ce: c he tno therapeutic egenu would allow for greater drug 
exposure to the tumor while simultaneously decreasing sys- 
temic exposure and toxicity (Dedrick ef eL< 1978; CUy and 
Ho* ell. 19921. Unfortunately, results of ea/ly phase I and pbaae 
II clinical studies assessing the benefits of i.p. delivery have 
sho*Ti lo»er than optimal decreases in toxicity or increases in 
e::ec; iKowell. 19S8: CUy and Howell. 1992). 

Or.e reason for the lack of success of direct i.p. therapy for 
io;z< crjp is the development of toxicity Arising from the 
distribution of the drug from the peritoneal cavitv into the 
Ker.eni circulation. An approach to overcome this problem is 
to icjntnister drug into the peritoneum and simultaneously a 
drcr-complexing agent into the systemic circulation, so as to 
rtduct th« •rposure of systemic tissues to free drug. Howell <t 
oi (19SD h«v« investigated this optimixation approach La a 



study of the utility of sodium thiosulfate for the reduction of 
•cisplatin toxicity. The benefit of this combined therapy^bow. 
ever, wu limited by the stow rate of thiosulfate-cisplatin com- 
pilation in plasma (Howell, 1988), " 

We postulate that antidrug antibody fragments may be su- 
perior complexing egents for this approach. Antibody fragments 
may be produced against a wide variety of substances, including 
many drugs. Antibodies generally exhibit extremely high spec- 
ificity and binding a/finny for their antigen thL, common range: 
10' to 10'° M* 1 ). as well as rapid binding rates (commonly: 10 4 



sec'M IStryer, 1988). In addition, the high molecular 
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weight and polar characteristic of antibody fragments should 
result in favorable distribuiion properties (te. ( the antibodies 
are expected to remain primarily in plasma, with a very ilo^ 
diffusion rate acrosa the peritoneal membrane). 

To determine the potential use of antidrug antibody frag- 
odc nts for the optimization of i.p. drug delivery, we have coo- 
ducted a preliminary investigation into the general pharmaco- 
kinetic and phyriologica! implications of the approach, by using 
the cardiac g]yco«id« digoxin and ovine autidigoxin Fab anti- 
body fragment! (Diribind, B or rougha- Wellcome Company, Re* 



AaaACVlAnONS: AUCr, ar*e uoc*r the oooc«nenitw vs. erne curve; AUC. anaa unc*r the p*Tton#aJ concentration v*. dme curve; FEi. fraeoona/ 
titio* «i0O4on; F£p, fY^cOor^ p*ator*a] exposure; FRIA. foonteoanoe poU/Habon rnrrHroaaiay; Fu(p), fnacfldn o< c*goxn unbound in the 
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search Triangle Park. NCJ a* node! agesu. Use of a caocel 
svsl/ts * aj ncces&ic-at^d because antibody frames di:ec:ed 
agai.-*; co^uaosly u*cd cancer coccaeKherapeutic agents are 
not yet available. 

The presea; study wai designed, therefore, to determine 
»-beth«f the juauitAUcouj administration of digoxin fi.p.) and 
anucigoxin antibody frapaenu (i.v.) would: U reduce observ* 
«bl< digoxio toxicity, 2) reduce systemic digoxin tisaue expo- 
sure: 3) a/fect the unbound fraction of digoxin vilhin tbe 
p<ntoneaJ cavity, and A) a/fect the disappearance rate of di* 
goiin froca tie peritonea] cavity, when compared to adminis- 
tration of digoxin (i.p.) aJoae. 

la addition, computer siiauJations were conducted to predict 
the ability of the antibody fragments to affect digoxin tissue 
and peritoneal exposure. The results of these simulations **ere 
ua*d to determine an appropriate antibody fragment dose to 
miri=iie tissue exposure while not affecting peritonea] expo- 
sure. Further simulations *'ere conducted to assess the influ- 
ence of the antibody fragment -digoxin association rate, disso- 
ciation rau and affinity on tissue exposure. Simulations *cre 
carried out by using the model depicted in figure I through the 
uae of ADAPT II pharmacokinetic software' "(D'Argenio and 
Schuaitiky, 19921. 

Methods 

Simulations The pbaraaco'cinetic oodcl used to describe digoxin \ 
disposition in the pretence of crjg binding antibody fragments it tbo«rn 
*j. fir-t 1 and is based on the following equations: 
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U"h*n C/ and C*^ ar« the eooe«ntretion« of dietatin. fr*e 
antibody tr*ftD«au and antibody rrafmaot-difoiiii compUt in tha 
p*r\too«*j cavity; C*j, C«j and art tha coneentrauooi of dlfoxin* 
frx cnubody frogtnant and antibody fragmtat-dicoiifi cooapUx La their 
rMp^cu*-* central diatributioa voluaat; CVr u th« cooc«otr«tioa of 
dentin *nihin the tiaaua compartment and t u tun«. AUo, 0» 
V_ *nd as* the rata conrtxou for difoiin ab*orp*iQQ Crooa tha 
p-« oloo^uoq. ajitibo^y n^cm^ni^dlfoxifi «>*o£tation. udbody 6xc* 



Po. 1. Pnjrmacokr^t*: mooet usee tor s^mutadon of tr*e 0iS0OS«tiOn o* 
a*go»in ana anto^onn annooOy /ragm«nu in tr< mouse. Pattrnetets 
a/e Ocscnoeo wttrna t^e text. 

scnt'dicoiin dissociation, elimination of difoctn ind elimination of 
antibody fragncnu, r«tp<cttvcly. CLc~ is the distnbutton clearance of 
difotm; and CL^ u the distribution clearance of antibody fragroenis 
berbten the peritoneal and central compartments. \\. I \t and 
a/< the voluraes of distribution of the antibody frapnentj. the central 
\*o!u£3t of distribution of dijonn. the tissue vol unit of distribution for 
dicoxin and the voluae of :h< per::oneaJ cavity, respectively. • 
Digoxin pharmacokinetic parameters for the mouse *CZ.&«. 
and ^**r' ^cre calculaud by conversion of published biexponcnttal dau \ 
fCnffiths <: &L. 1964) to dau consistent niih a :^o*compar;ment 
nofld. The rate constant i, *a$ determined experiaenully in prettra* 
inarv* experiroents. Antidifoxtn Fab fragment parameters i \\ and <. ;< * 
«ere also taken from Griffiths it al (19&4J. The elimination and 
6i::ibuuon of Fab fragments and the Fab tra(mcr,;*di joxin cotnplei 
*ere anumed to be identical. CX& *^as estimated to be 9 x.lO** liters 
kg M ain M . ' 

A series of simulations conducud to aid in the determination of - 
an appropriate antibody f.-acment dose for the ar.isai study. In this 
etercue. the o'oie of dijoxin administered w»i held a: 1.02 x 10"* tnol/ 
kg •"he re as the antibody iffattH do*e ~as increased from tO* M .cnol t< - 
kg to 10** ool/k(. The association and dissociation rate constants for^ 
the antibody frar=\e ni *ert fixed in this series a:, e^ 1 - lO^Nty ^sec -, : 
and - 10 M . sec"'; producing an equilibrium constant consistent : 
*r*h published values for the anudi<oxin Fab fragments l/u,' 10* M"'* , , 
Smith e: of.. 19T0; Curd it aL. 19T1I. The AUCt »nd the AUCf -ere 
obtained tie the linear trapttoidal method froo 0 to 2<0 mm at each 
dose of the antibody. The F&r aher antibody fugment administration 
W4i defined as the AUCr obuined st each antibody fragment dose 
divided by the AUCrobierved^hen dipxin • ax given without antibody 
fragment treatment. The FEr **s defined in the same manner. 

In « second series of simulations, the effect of alwnnf the antibody 
frarment association rate, association rate and affinity on FEr -ere 
ajt«t*«d. The binding parameters ~ere tested in the following ranjes: 
L.. 10 l to 10* M" 1 sec" 1 ; ^. 10 M to 10* iec M ; fu. 10 : to 10* M"\ For 
these simulaiioni. the doses of antibody fragments and digoxin •'ere 
held at 1.02 * 10" 1 mol/kj. These simulations •'ere conducud to 
determine *"hich complexation pajajneur wn mo it important for 
rtducini tissue exposure. 

MortaJWy exp^riooeol. Mala BaJb-C mice <*eifhu: 12.5-23 f. 
Ha/Ian. Indianapolis, IN) were paired into i~o w«ifht matched groups 
{n - 10 animaU/rroup}. All animals received 8 mr/«f of digoxin (lot 
no. 03223; Elkins-Sinn. Cherry Hill. NJ) adminiaured by i.p. injection, 
lo tbe Ust group of mice, an e^uimolar do** of antidigosin ovine 
immune Fab fraxmanu (512 mg/kg, Diiibind. lot no. 8X27<8; Bur- 
rougbi Wetlcoma) »u adminiaured by i.v. iny«cxion (t»a the ull vein) 
2 to 5 txun bafore the digoxin doaa. AnunaJe ^ert monitored for 
craaatjonof Mtpirauon and survival time ~aj recorded. Tba erperiment 
»aa urminaud at 2i0 mia a/Ut the difoxin inj^iion and aurviving 
««ire ucrific«d by c«rvAcaJ dislocation. 
Tbe difotin inf*ction *olution conutn*d ZSO «t'ml ■ 
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izi-ZiUzcz jr. 4 0*": propylene r!yco! iOS e'.Unol. Tbe *r.::dicow 
"•3 :;jpcr.: tnjec::on solution contxjned 40 mr/ml of Tab f; absents 

Tiuue exposure. MaJe 3aJb-C mice »e.-e randomly x?»:«'jfC tr.:o 
4 cor.;:o: rrocp ur.:=*Ji rr<t\^r.( t.p. dicoxu: *ione. S00 ag/tg. *j a 
i;ax:r. solution of 25 ug/zd in propylene rlycol and 1% cthanoll 
a.-.c » :es: poup (uiisaIj rectiviaf i.p. dirotia. 500 «r/«r. and i.v. 
*r.:;dfox:n «ntibody fr*4~m«aLt. 6-< me/Vx. u i 10 mf/mJ solution in 
cii*.:!!ed »t;er). The antibody fragment do*e u>ed **aj 4pproximately 
e^uLmoia; U) the dove of difoxia tdrajnliterrd. ajjuxainr « specific 
bir.ins activity of $05 and a NfW of 50.000 dai cons for the 4ntidi«-oxin 
f4b f:*r=f n; iCurd <;c£. 1971; Cano er al, 1992). Tb-re* ajiLmaJ* from 
f*ch jroup **cnfie»d by cervic4j dialoocion *t 5. 15. 30 4nd 60 
mm 4-TVer injection of difoxin, 

Imm*di4t«ly 4fur sacrifice. 5 ml of normal uline w*j injected Lnco 
the p*n:on«aJ cavxry of the erpired ajiima]. After m*-*xtp'n( the «ixfo« 
sen of ;he 4nim4i, 1 al of fluid •'o removed from the peritoneum for 
analysis or' frre a\nd tdtaj digoxin concentration. The totaJ 4 mount of 
C-ictvn in the per.tor.e4j cavity ~aj eaJculated. a*auoing 4 touJ fin*! 
pcr;:oneaj :luid volume of 5 ml (i.e.. it waj assumed that the volume 
added to the pentoneaJ cavity 4fter sacrifice wcx very much Urger tb*n 
:.*ie p*ritone*J fluid volume just before sacrifice). The heart, brain and 
r.mc-lef skeletal muscle were also collected for analysis. From these 
i* ia, the fraction of unbound digoxin in the peritoneum, peritoneal 
C:i4ppe4;ance r4te of digoxin and the ACCr* ■'•ft obtained. The 
AfCr* *ere obtxmed from 0 to 60 tain vtc the linear trapezoidal 
method, by using the mean of the three tissue concentrations at each 
»*c:::"ce ::me. 

Tissue extraction. The method used for extraction of digoxin vn 
.r.ocjfted :>oa tnatof oernsan e: ct (1977) for the extraction of digoxin 
:ro:r. sheep tissues. Bnetly. tissues removed from treated animals were 
«eighed *et* minced with a raxor blade, then suspended in 6 m! of 
r.orrr.al saline throu(h the use of a Polyrron tissue hotnogenixcr (model 
?Tl0/35t. Dtgotm «-*s extracted from the tissue suspension %iih two 
»*iSei 0:* .0 ml of methylene chloride. The pooled methylene chloride 
p-4j<i weft evaporated to dryness under a stream of nitrogen <as. Th« 
ef.racted ci-rotm »»as then reconstituted -kith normal saline for ajuly* 
*.i The ;ec3ns;uu;ion ^-otume was varied to prepare samples ^uhin 
:r.e rar.ee of analysis specified by the Abbott TDx. t*.. 0.2 to 5 n|/ml. 

The efficiency sr.c variability of this method ^ere determined by 
«nesi:r.( :he ext:ao::cn oi*kno«*n quantities of diroxin which had been 
*zz<c io prepared nssue homocenates. Five homorenaies of mouse 
."-.fir., siceietal nuscie and brain •'tit prepared as above. Dtfoxin waj 

• c^ec 6:e<tly into ;.*it homo^enates. which were then treated as 
ce K*.*:b«c above. 

Simiterty. th* eiTiciency and variability of extraction of dijoxin from 
:r.e ar.ubocjy :>a»rrr.e*:t were assessed. Diroiin u\d antidj(oxin Fab 
:;*cr\er.ts *ert added to a reaction vial in sufficient quantities to 
produce measurable amounts of total and free diroxtn. The contents of 
;re v.a! »ere incubated for 90 min at 4*C Aliquots of 2 al were 
rr.r.jtfC and subjected to extraction aj described above. 

Oifiotin aa44)'. Difoxin concentrations wtr, anaUTed by FPlA 
trte use of jn Abbott TOx automated FPtA device iDijoxin (I 
».:i. :ot r.os O4094Q100 and 6&519O100: Abbott Uborator:ei. Ahbo:: 
?*t'<. ILi. As the assay Vit w tl calibrated with human serum standards, 

* tuno4rd cuns w«i constructed w 4 ih samples in normal saline to 
**0td inaccuracy due :o tn4tni difTennces. CorrKtion for matnx 
cLtfertncei w 4l accomplished throufh the use of the follo^inf equation 
obmntd from tha standard curve: |djfotin|.^. - QM1 * (diioxinj^^ 
-0U n(.*ml. FPU W4j cho4«n 44 th* uuy method of choice b*C4u*e 
0:' ability to provtde 4ccurat* totaj djronn concentrations in spita 
of tru preianct of low levels of therapeutic antibody frapnenu (Han* 
Mil. t9(J9; .KstfU, 19S61. 

Ultrafiltration. Thi fr« conctntratioo of dirotin in the peritonaaJ 
fiutd »*j d«t«rmined tbrou|h lb« um of Cantrifr** uitraiUtratJon rub*e 
iloi no. MCAi:9; Amicon. Beverly. MA). IHtrxfUtntaJ aaaplei 
ctntn^nd at 4000 rpm (approximauly 1200 X $) for 15 obi. A 
iLindard curve «»4i poarauo! for a**4Mca«nt of uJtraAJtraud *ampt*e. 



4J uJ:ra:i!:.-a:tar. ;uei: siy 4;Te<: tbe repor.ed dij;ox:r. cor.cer.:: j;..*- 
•OA.-r.er <: ii. :??:) The eqca;:on obiAu-ed from tne lui.-.car: * 
:o correc: for the combined e:*fe<; of :be .-.0.'=*-' laime r. « '. r. 1 j-; 
uitrafiitrauor. »«: ;cjrox:.T|^ - 0.593 ■ (diioxirM-— . ' 0 '.i 
L*!:ra:;:':;a:ior. 3: ci^oxin by this method »aj sho^n prev;o y i[v :c 
provide 4CCU.*4Le :*:ee dijoxm concentrations iHuntLty <: ci. t liiT* 

Sta(i«tici. 04C4 are presented aj m««Ji r S.D. SiffnifiCan; differ- 
ences "ere concluded if P < .05, ci deurmined by Student i ; :tiu. 
companne; the control (difoxua alone) 01. the antibody fragment fro up 
(difostn ind ajstioody frafxacnu adaiAi*ur*d). 

Roauita, 

Simulation*. The dose -raui giny simulation* conducted pro- 
duced a siyaoidaJ lof Antibody fragment t/j. FEr curve As 
expected, the FEr (the ratio of the digoxin AUCt obtained aitcr 
Fab fragment administration relative co control) decreased is 
the antibody fra^aaent dose was r&iacd relative to the diroxtn 
dose. However, the FEf remained unchanged in the antibody 
fragment dose range examined (10~ l ° to 10" 1 mol/kg. fig. 2l, 
These simulations therefore predicted that dramatic reductions 
in tissue exposure may be produced at antibody frflftTncnt doses 
which do not decrease peritoneal exposure. At the antibody 
fragment dose uied for the tissue exposure study, 1.02 x 10* 4 
taol/kg, the simulation produced *n AUCt which w&a 14.i r e of 
control and an ACC P which was 100** of control. 

The second ienes of simulations demonstrated that the an* 
tibody fragment -digoxin equilibration consunt is the binding 
parameter related most closely to antibody fragment efficacy. 
FEt w as show?; to decrease with increasing antibody (t&Fatnt 
affinity (fig. 3): however, paired changes in the associati n and 
dissociation rate constants (i.e.. and kjf were altered whereas 
was held constant) did not affect fractional tissue exposure 
(data not shown). 

Extraction efficiency. The extraction of digoxin from 
tissues and anticigoxin Fab fragments was of good efficiency 
and low variability in all cases. Efficiencies for the mouse heart. 
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Fig. 2. Simulated rracao^aJ exposure of dtgoxin in tr*e paotonoaJ («| a/id 
ussue) (O) cornoarrrnents of trva moviK. as a function of anooocry frag- 
rwnt/O'goxin oom rioo. FracoonaJ axposura a hex anooocry fragment 
aacmc-st/inon is oouunod Oy dhndincj trvj AUC (0-2*0 rr^n) at eacn 
anftbocry rragm#rtt Oosa oy tfx AUC (0-2*0 min) oosarvod wnon no 
annooay fragnv*ors **«r« grv^n. Th* oo*4 of d-ooxri u*ao in trus %mu- 
Uoon was r»*4d at 1.02 x 10"* moi/kq. wfwaaa (th anobocfy fragmont 
ooa-a was iocnaa>oO from 10"" to 10^ rnoi/Vg. Trm values of trx mooe^ 
p^rmmatoa ua*d ^ tr*a4 s^mUaboAS w^na fWd constarrt as Ooacnt»d 
n tn« text. 
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Tig. 3. The s^mulateO raiatonshjp of fractional tissue exposure and 
anioocy fragment aftVury. The ooses o' C»go**n (i.p.) *nc *ntiO*go«n f ao 
fri;.T%«nts (i.v.j wtKe each he*0 at 1.02 x 10"* M/kg. The range of 
us«c in tnese sunuiatons was: 10 10 t0* M"' sec"', wh^eas trve range 
'o^ *^ was: 10** to 10* Sec", Fractional tissue exoosure arte* FaO 
fragman; aonwxsrration was OOtameC oy Otvicmg the AlC* (0-2*0 m*n) 
at each f as fragment oose Oy tne auCt (0-2*0 nrunj ooserveo wneo no 
antioocy fragments we/c g<ven. 
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Fig. 4. The wce-nt age of arwmais surviving a toxc dost of 0*90 «m (8 
mg/vgi is shown for animals reccing dgoxtn atone {.♦•) ana those 
f*c«'v»ng cgonn 1.0. and aniio^ocm anttooay fragments (Si 2 mg/kg) t.v. 
f j M«an survival t<me was used fof statistical com pan son ot tne rwo 

gTXjos. 

sxeletaj muscle, brain tissue and from the antibody fragments 
* e rt: S7.0 = S.S, 73.2 - 4.5. 74.7 r 5,-1 end 93.7 = 1.1%. 
r? jpec;ivcly. Tissue concentrations reported were corrected for 
these extraction efficiencies. 

MoruUlty, Administration of the anttdigoxin fragment* 
greatly increased survivaj fau. At 240 rnin aiur digoxin injec- 
tion, the survival rate for the antibody group was 90S whereas 
only of the control poop (digoxin alone) survived (P - 
.006). Pretreatmant with the antibody fragment* decreased 
moruliry lubauntiaJly (fig, 4), 

Tl*4u« exposure. In the three tissue* monitored (heart, 
• caUuJ qukU and brain), aignificant reductions in digoxin 
coQc«Qtxation» wart observed (table I), The AUCr reduced 
lubauatially in th« antibody fragment-treated gTOup relative 



to ;he control group. The FEc. defined as :he AkCr rah Al'C- 
controL »as 0.56. 0.17 and 0.7; for :he hear., n-scle ar.c b:j:r.. 
respectively. 

Fraction unbound. The Fuipt of ;he ar.:;body rVjp^er,;* 
t:ta;ed group was not found to be statistically ditftrcr.: ;';o:r. 
the control gToup at any time (table U. This finding is sup- 
portive of the expected slow rate of diffusion inio the peritoneal 
cavity for the antibody Fab fragment. 

D iaappe.au- an ce rate. The rate of disappearance of perito- 
nea] digoxin. which wu calculated from the decrease of total 
peritoneal digotin with time, was not significantly different for 
the two gToupc (T^ absorption was \2.0 * 2.0 min for the Fab 
{Tips<t\t group and 9.S r 1.8 min for the control gToupl. The 
presence of antibody fragments in the systemic circulation did 
not appear to influence the rate of digotin diffusion from the 
peritoneaj cavity. This finding was anticipated because (he 
concentration of digorin in the peritoneaj cavity was expected 
to be much greater than the free concentration of digoxin in 
plasma until very late in the experiment when a significant 
fraction of digoxin has been absorbed. A "sink" condition 
existed for both the antibody fragment and control gTOups; 
therefore, the disappearance rate of peritoneal digoxin was 
largely unaffected. 

The peritoneaj exposure to digoxin. which is a function of 
the disappearance rate of digoxin from the peritoneum and of 
the Futpl. was not different for the Fab fragment group com- 
pared to the control group. 

Discussion 

Howell er 0/. (19S21 investigated the utility of a competitive 
binding agent (sodium thiosulfate I for the reduction of the 
systemic toxicity of an i.p. cisplatin infusion. The investigators 
simultaneously infused sodium thiosulfate (i.v.t and cisplatin 
(i.p. J into several ovarian cancer patients, with the expectation 
that the sodium thiosulfate would bind and neutralize cisplatin 
immediately as it entered the bloodstream, thereby preventing 
systemic exposure and toxicity. Unfortunately, it was found 
that sodium thiosulfate was not able to increase the plasma 
clearance of free cisplatin significantly, nor was the binding 
agent able to greatly decrease systemic exposure to cisplatin 
substantially (Howell tt of.. 1982). This failure was presumably 
due to the slow rate of thiosulfate-cisplatin complexion 
(Th « 225 min) relative to the elimination rate of free cisplatin 
by other means (Th « 66 min) (Howell. 198SI. 

The present study suggests that antidrug antibody fragments 
may be superior completing agents for the optimization of i.p. 
drug delivery. Antibody fragments generally exhibit rapid bind- 
ing rites, high specificity and affinity, as well as desirable 
distribution and elimination characteristics. We have investi- 
gated the potential use of antibody fragments for the optimi- 
zation of i.p. drug delivery through a series of experiments and 
computer simulations. Digoxin and antidigoxin antibody frag- 
ments were used as model agents for testing this approach. 

Our experimentaJ results demonstrate that antibody frag- 
ments may decrease the systemic exposure and toxicity of 
digoxin without affecting the peritoneal exposure, fraction un- 
bound or disappearance raw. Systemic expoaure and toxicity, 
therefore, have been diiaociated from locaj drug exposure 
through the uae of drug binding antibodies. These results 
augjtit that drug toxicity may be prevented without affecting 
drug expoaure at the active site. 
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" P < 0.05 cotkwxj to oontrc gnouo: P < 0.01 como*f»d to tr>* our ru m gnouo: "** P < O.OOi ocrro*^*o (o crvg ooncro^ orouo. 



The simulations conducted assumed a small vdue for the 
distribution clearance of Fab frarycaenu between the peritoneaJ 
and central compartments. Unfortunately, we were unable to 
measure the rate of appearance of Fab in the peritoneal coca- 
par.rnent to obtain an experimental estimate for this clearance 
vitue. However, the use of a small value was consistent with 
the eiperimentaJ observation that the Fu(p) and the rate of 
cijoxin disappearance frota the peritoneal -cavity were not 
different in the Fab fragment-treated frdup relative to the 
control fro up. If the distribution clearance of the Fab fragments 
had a larger v«jue. then the unbound fraction of drug in the 
peritoneum and the rate of dijoxin exiting the peritoneum 
would be expected to be altered. 

The observed experimental results were predicted qualita- 
tively through computer simulation. The us« oft "physiologi- 
cal* model iGerlowski and Jain, 19S31 may allow for more 
accurate estimation of individual tissue exposures than the 
primitive "tissue cluster" model which was used for our simu* 
lauons. However, the practical utility of such a model may be 
limited by its complexity. The model which we have presented 
may have general utility in describing drug disposition in the 
presence of binding substances. This model may be useful in 
screening drug candidates for the proposed antibody complex- 
aeon approach, as well as for the development of optimal dosing 
strategies. 

Although the utility of drug binding antibodies for the treat* 1 
men; of drug toxicity has been well documented (Smith er ci. 
',376; Amman e: ct. 1990: Brunn et cil, 19921, our results have 
demonstrated the potential utility of antidrug antibody frag- 
r.enu for the enhancement of drug site-specificity. It is possible 
that the proposed approach may be used as an adjunct in the 
::es:ment of cancers contained within the peritoneum. Syi* 
;cmtc toxicity, particularly bone marrow depression, is often 
;he oose-limitinc factor in cancer chemotherapy. Optimization 
o;' i, p. drug delivers 1 through antibody complexation may sub* 
wVM;* *,.». curves of antineoplastic 
crjp administered into the peritoneum, thus allowing more 
drug to be given at acceptable levels of toxicity. Cure rates can 
be expected to follow the increase in administered dose, as most 
cancer chamotherapeutic agents are known to have a steep dose 
t « reiponse relationships. 

There art, however* several concerns which must b-a ad- 
dressed before the implementation of this type f therapy. First, 
the literati n of drug distribution which accompanies antibody- 
drug complexation may result in a potential n of drug loxici- 1 
ties or the development of new drug toxicities in certain caaet. 
For example, Faulatich it oi (1965) have ih «m an enhance- 
mint of the renaj toxicity of o-amantin (a mushroom toxin) 
• h«r\ this toxin »tu coadministered with cntiamantin immu- 



noglobulin C and Fab fragments. This toxicity is presumed to 
result from an increased delivery of the toxin (as the antibody- 
toxin complex! to proccin-meuboliiLng cells of the kidney. The 
risk of redistributing systemic toxicity, rather than minimizing 
systemic toxicity, should be appreciated as a potential outcome 
of the proposed approach. 

Additional important concerns are: 1) production and puri- 
fication of antibodies directed against antineoplastic agents: '2\ 
immunogenicity of the antibodies: and 3) cost of therapy. 
Further work on overcoming these formidable hurdics is re- 
quired before the practicality of the proposed approach may be 
validated fully. ■ '. v ■ 

. Ackoo«l«<lrta«ou * V 

Tft* «uthor» frtuMlv think Or. J*nm* S<K«nu( fo» providing Abbot; 
TDi u*r4 ia tnt»« «rxria<nti. J««nm«mc A<qu*rd for «tp*n brenmcu a*hk. 
•net «nd Or Cro~ of 8urrow<hj W«U<oa« Co. for don « tic, -i of ;o< 

«ntidi|onn F*b 'jj*r4 ui lh«M t rp<run«AU. 

R«f«r«oc«*i * ' 

A>tv*>. E. M., Wocta. T. L.. Bctica. V, p„ K*oca. H. a*o Smith, T 
Tr»«im«nt of liO (*m« of Iif«*thrr«uniA( djfiutu intonr«tion *-ilh di(oi 
ip^ific F*b cf\*.it>ody fTir=*nii. fin*! rtpon of « outtic*nt«r itudy CuTui«don 

si: i:^4.i:s:.:m 

AaCTtc. J. C. EffKi of dipJun 4iUibodj«i on TDi djfonn 4**«jr Clin. Cb<o. 

. 32; t«l«-t«lM966. . • . " ' : * 

B*.*«>tR. J«x.. B*cm. p. Bvrk. B.. FatcsT0?*c. S. *wo Coocx. *u # M 
lnflu<AC4 of u**y ofthodj on ifruco conctnirtdoni of i<onn dor.n( T*o 
frtraatAt :tv«ia«nu J. Toncol. Clin. ToucoL 30: ?S9*?6T. 1992. - • - ■ ■ 

6caMA.N,U* . RA%cr«sCROrr. p, J., Shiinca. L B„ Hctmakk. M. A» Mccmo.n. 
K. L KvooLrK, A. M.: Diff«nnti*J «ff«cu of dixotm «c coao*/«bl« 
eonctntrttiont .n lmun ot*f«ul *nd «dult ihrfp. Circ. Rrs. 41: oUS-^tt. 19". 

Bkvnn. C. J.. Kmtn. 0, E.. Po>o. 5. M. a>o Pcvtcl. P. R.: R**en*J oj' 
dcttprtoint touttty in rmti uunc dAie*«p#cific 4Aiibodf Fab frcftnt At: tffKK 
on K»DUfMton md lAwracttoA «ath todiuxa bi<«sboA«u. J. Ph*j-o«col, Er? 
TS<t. 260: U9:-1399. 

C*>o. N*. J .i*joviuvo. A. E„ L'anxacuxA.M.. CaacaC.vc, J,. C*>yoc cone c. 
M, \>0 Scmckamamn. J. M.; AA«Jjr\ic«i coatrol procWuni o('ima>unonr«ai*" 
t(y lot (fC uc f»o fr«ra«Au ip^ific :o h«pUAi. Ph«rn«coI. R««. 9: £0->i?. 

Cl*t. E. F. a.no Ko«tt.t. S. B.: lACr«p*ntoA««i tb^mpy in th< m*A«no«Ai of 

p«tnAU -uh 0'in4A e*^c*r. H«ai«u>l, Oncol, Oia. N. A«, d: 915-936. 1993. 
Ccro. J.. Sm fTK. T, J*to.n, J. *f*o Kaiui. E.: Th« .*o!itioA of d*ro«"» 

tp«iri< «nubody vsd iU iu« in n**r*\nt tb« «rT«cii of diroiiA. Proc. N«tl. 

Ac«d. So. C.i.A, 48: J40l-:406. 1ST t. 
D'aaccmo. 0. L A*«t) ScKCvmicr, A.: ADAPT II L'»«r'i Cuid*. Bioo*!/**] 

$taiut«ttoni fU%oMrc«. UAi*-«r»icy of So<ub#rn CtUIotnU* La* Aah'* 1 - f 
Ocowctc. R, L. Ntttiu. C. £., BuhCay. P. M. aho DcVita. V. T.: Pb*nn*<o. 

t>.tA4tic f*tton*Ji for p«ntoA««J druf *HmiAiicrmioA in tb« tr^«im«ot of o**j^«-o 

<4A<«r. C*ac«i Tr»*t. Rjporu 62: t-U, 1978. 
FaULSHCH, H.. Kjrcmhca. K. anO OcaxwijM. M.: Scronfly «Ah*vtc#^ iouory 

of U\« muAbroota tocxo ••aajlouh by aa aaaioua>«p«oAc Feb or oaoaoefooAj 

AAitbody. Toucoq 26: 491-499, 1968. 
CtALOwi*J, U E. ahO Jajh, R. K..* Phy«olo*>cAllf o-umk! pKAna^cokio**^ 

aooUUAf. Pw\pt«« Aad AppUctlioo*. J. PbA/m*col. Sci. 72: 1103-11??. I 9 * 3 ' 
CajfrrrHi, N. M.. rU^tac D. S. akd SrrmtuQH, I H.: Tb* «rT«a of iauau- 

AAJUbon «Mh di|OUA*«>p«ciAc utibo^MA oa ^ifotxa dwpoAiuoo id tb« a>ou*4. 

Bioeb«m. PUrm«ol 33: 3041*0044. 1964. 
KakicxL J. R.; EflVi of Uxn pontic difoiin AAtibodi«« oa difotiA aaajx*. Ai^b. 

P*iboL LaK M«d. 113: 196fl. 
Ho»tlX. S, B.: lfltrA|>«nton««J eb«a>oOfc«r«py Lo watUa amoom*. CoeLrol 

Oncol. 10*. \«6A. 



Optlmmtion of i.p. Orug 0*tN«ry 739 



Ho^cii. S. B.. Prunjt. C. l_. *\>C. E.. Ol_jk£>. fL A.. Ucxs. w. 

Von. J. L *NO CnXiN. M.: InLr«p-rnu5n««J cupuua «ntb rjnuac Liuo-uIf«*-i 

pn>uoeo. As*. Inura. M«<t 97: ft^i-Wl. t«2. 
Hv*xn.«*c. M. J.. ?Uj3yj. v. a.. OfHUM. K. E.. Box. J. L. l>oa*uCH. C. 3. 

*ND S wrTX. T. ^*\: D*L*r&uA*U0G of fr*« dipaua coocrslrtljOB* ut *«rua for 

£}orutonj?r F«b trv«ocot of <iirouj3 ov<rdo*c. Clo. Cb«cs. 33: 

;96T. 

SfatrrM. T. Sctlca. v . P. * M0 Hajca. E.: CW»ct*r.x*uoo of ^nubodi** of 
*.it- trinity *j*d ipccu'ieicy for tin ifiUii* (JyconoU d^nxia. B*<xb«curu7 9i 



Smttm. 7. Haacx. E.. Ycatuaj*. L. **0 Bltt^ca. V p Rt-»r*-o cf 

J. M#<i 29<: :9T-W0. 1976. 
Smrtx. L: MoUcd*/ isununolo^. /n Biocb«CAJtry. ?? &4S-9?0. W K . r rrr • 
sun cad Goo;vcny. Sr* York. 1958. 



S-rod rwprint r»<jo**u to: Ho-L-uac Fuo<, Pb.D.. KocbJtrrur H*Ji. $o«l 
of Plunucy. Suu Lr'ni««mty of N«- York «t Bu£«io. Burt»Jo. NTlUW-trOO. 



Simplified Preparan'on of Rabbi, Fab Fra 2 



gmenis 



Alan Couhcrand Rodncv Harris 



. •mm« BO «l CT :nopb„,„. v . w " bu ' B ' d A < »ot fo,m p,«ci p ;,.„ |. nc , „. hcB U4f<J {b 



introduction 



hO (Kato « , L I97 S 6J . £j Aj b ;;" ; 2 d r en *>™ immunoo JI3y (E Ia, instead of 

««.vme is used in,,«d of I.G IS. 7?""^*,^ bce " daim «' "*« Fab 
"Jcr .cdiou, procedure ^ " ™ h <* of Porter (.959, is , 

•*dcly used. Our requirement for <uch '"Smen.s. although i, is still 

••"ding si.cfs, of snake neuro.0, „ a ,h n S ff ° m " of ,he 

< *b enzyme conjugate «a n eC o d W T^"'" j u " cii °»- For .his purpose 



.Materials antJ M f |hodj 



scrum on protien A-ScpWe CL 4b7pk affin ' ,y Ch '°™<°S"P\v of 

of Codmg ,1976) „ modified hv rl i ( , Pharmac,a >- The method used «a, 

»pin„ a neuro^m 1 " ", 9,!0 >- Th < i«"«««c serum had Keen 

."^k.. ^CI* ' S0,J,ed ff ° m — «"e Australia 



. Solid -phcs< pepsin ... 

"..Fixe milligrams of. papain (E.C. co. 1.12.1) type III. twice recrystalliscd. 
-"obtained from Sigma wcrc-rcJCtcd ^'ith 0.3 g of activated CH-Sephjrose ^3 tPhar- 
maeia) according to the manufacturer's instructions. 

Ninety-one per ccat of the papain "w^ covalently bound to the Milid phase. 
Unbound pjpain u-jj estimated by the roIin-Lowry procedure (lo^ry ct jL. 1951). 

The solid phase wj$ siorcd as u 10% v/v suspension at 4°C in 0.05 M phosphate- 
buffered saline, pH 7.-1 (PBS) containing 0.11 sodium azidc. 

Preparation of fab 

The procedure used ua$ that described by Hudson'and Hay (197<6) except for the 
use of solid-phase papain and protein A to obtain Fab fragments. 

The following reagents were added to 10 mg of rabbit IgG in I ml of PBS: 0.2 ml 
of 16 mg/ml cysteine hydrochloride. 0.2 ml of S mg/ml EDTA. sodium salt. I ml of 
solid-phase p2piln (equivalent to I mg). washed with 0.15 M phosphate. pH 7.0. to 
t remove sodium aiidc. 

: |\Thc*rriixlufc was incubated with gentle stirring at 37°C for 4 h. The solid phase 
was scdimented by gentle eentrifugation (1200 x ,e for 5 min) and the supernatant 
washed through a J ml protein A-Sepharose Cl-*B column with 10 ml of PBS tpool 
A). Undigested IgG and Fc fragments were ciuted from the column by successive 
washings with: 10 ml of PBS containing 0A% Twccn 20: this was discarded. Ten 
millilitrcs of PBS. discarded. Ten millilitre* of 0.1 M glycine/ HCI containing 1 M 
NaCI. pH 3. This was collected into 10 ml of PBS and adjusted to pH 7.J with I -\f 
NaOH (pool B). 

The column was finally stored in PBS containing 0.1^ sodium azide. 
Pools A and B were concentrated separately to about 5 ml by ultrafiltration over,, 
a PM-10 membrane in a model 52 cell (Amicon). 
* IgG and Fab concentrations were determined wiih values of - 1*1.0 and * 

respectively (Mandy and Nisonoff. 1963). 

- intnwntxUcuOphorais (IEP) 

IEP was performed by the method of Schcidejger ( 1955). The antiserum used was 
rabbit anti-tcuilotoxin. 

Sodium dodccyl svlphau-polyQcrykmtd? gr/ eUaraphorcsts (SDS*PAG£) 

SDS* PAGE was performed as described by Weber and Osborn (1969) and 4 
Laemmli (1970). SDS was obtained from British Drug Houses as *ere acrylamidc- 
and mcihylencbisacrylamidc. TEMED and 2-mcrcaptocihanol l2*ME) were from 
Eastman Organic Chcm. Protein molecular ucicht standards were obtained from 
Pharmacia. 1 ' ' * 

§ A ttulytuvf uitrucenifi/u^ufiun 

The molecular weight determination was done by meniscus depletion in a 
BecVman model E analytical ultracentrifuge. The method of Yphantis (1°6J) w 3S 
u^ed. A c value of 0.73 cc/g vo» j>sumcd for rabbit Fab. 



Pbto ucrc floated in a u jicr hath ai *»7°r fnr * k J Al * 

me uptake of rahhit ] g C ani,.icxt,loioxin-horse radish peroxidase fHRPOi r«„ 

s c d i : ^rr e bound '" ,i,o,otin ^--.ncd ?„1 e f ° : : 

crTu, ? i 6 had j b ' ocked conjugate uptake was determined bv intensitv of 
colour development on addition of substrate 10 the wells. " 

Mouse protection essays 

erfee,? oTlntrJiTn x,,,,o, ° p n r rc ,eM ? for ,hc,v ab,,,i, - v ,o neu,M, '« «»* 

the a,sa>. Four rn.ee were used a, each dose level and all injections were eiven 
m.ravcnously. Four LD )U of tcxti.otoxin u. erc ineilbaied with Jc ,al dilu on If 

IgG and Fab prepared from normal rabbi. I«G were used as controls. 
• jZSZr* o/ M pr tp or <d hy the ,o/*.,W pop o, n/prolcin A 

ion F c?cha r „ e c P "c e K d b> " i0, : d - phaSe P a P ain /pre«ein A procedure was subjected to 

Rcsuhj md Diicu«ion 

band of .1/ - iSS SDS - PAGE run ""der non-reducing conditions. A sincle 

(Fie M R hb'i*^h7 h°p | ned °" SDS " PACE rU " Und " reduci "S condMio'ns 
rL c C Fl 3nd * ' rJ - c ™ n « of abou, 50.000 (Marlcr e« a... 

W of « i C l' ab,C b> ' SDS - PAC£ « < h < Fab preparation, 
.hrou ' nl , JfT' aS , ,J,nCd , h> ' * d! "* B,a » { '" ««uilibrium. The «, was constant 
through most of ,he so.ut.on column, with a slijh, increase toward, the base of the 

cnsurewtnlaUf^ ^"T" ^ * 10000 ™'°« "*™b««« 

cn.ure* removal of low A/, products. Apart from the Fab band, no other high or low 



I 



) 



.•n h .b,. 0 ,. :0.I00: c. o,bo«* a nh .J fJ t W ^ ? 1 ' UnJj " ,,: J - -»»«»lb»«wi. 14.400; b. . 0P , ln 
b« b. ^.000. CcJ * buT s «L " J °* 00, * 0 ' J,bUm "'- ■ ,J - UX3: J,b *"" in - '• PWWy- 

A/, products were visible by SDSPAGE. 

When the Fab preparation w a , fractionated by ion exchange. 94«5 of the start.W • 
• -'c-l was recovered Su.y.five per cen, of the starting material was et, d S 
• he cquil.brat.ng buffer (0.0! M sodium acetatc.pH and 29-. was lu ed befo« 

eve^: h l a ?w !l° nCen,ra,i0n °' ° " M ~» No Cher materia. J* «££ 

even »hen I M sodium acetate. pH 5.3. was used ...... • '.: 

" l 8 C W bv Hit 2 p"""' 0,0X, ' n 'r of ! h ° F3b P«P*«.ion w„ compared with , ha, oP. 
Wm Ue |? G r nCenlra " 0n Wh k '. Ch • We,ded *« ot fu!l colour in the assav u-Jy, 
.5 M/ml. The IgG concen.rat.on which gave the same colour u- M 6 i m/ml ' in 1 * 
crms of antMcxtilo.oxin activity i„ the EU. when their relate . V s at conned 

ubou, 7JS of that theoretically possible, i.e.. 5 me Fab from .0 m< of IgC V ^ H £ 
The ncutral.sat.on tests performed in mice showed that on a u^hl basis* tCtr^ 
j>nd Fab ant.-te^o.o.in preparations w ere equivalent in neutral^ A Z ^ 
loss of approximately 30% of specific an.ibodv activity : ^t^^i^ 

p.' • prec,p,,in ,iftcs — ° b,aincd ■*«• * - ^4;. 

P-edure are rela,i„y simple. The .olid-pha, ^'^7^^ 



Th- n ,Z H - " mJ ' 8h,f0 ^ rd » :» ,h < P'«ci« A pu,in„,.on or , he Pah 

The procedure represent a narked improv e men< in ,„ mt of jimolici.v ' d ^ 
»n« S over lhe l0n exehanse procedufc fQf , hc pfepjra| . on Qf m » mp £■> ^.mc 

No«c Added in Proof 

Since complete ihis paper an .mponan. aniclc came .0 our a ii e n.;«„ w 
the wmc experiment procedure: anenuon describing 

Goding. J.W.. I97S. J. Immunol. Meihods 20. 241. 

The assluance of Mr. Allen Broad and Miss W cn dv Cowlint u-i.h ,he •« • 
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CHAPTER 26 



TOXIC EFFECTS OF 
ANIMAL TOXINS 



Findlay £. Russell 



Venomous or poisonous animals arc found in all (he animal 
classes, including the birds. For the most pan, they are widely 
distributed throughout the animal kingdom from the unicellu- 
lar protista n Alcjondrium (Conyaulax) to certain chorda tes. 
including the platypus and the short-tailed shrew. Venomous 
marine animals are found in almost all seas and oceans. Al- 
though there arc no exact figures on the numbers of such 
animals, there arc approximately 1 200 species of venomous or 
poisonous marine animals (Russell, 19SJa). the number of 
venomous arthropods is countless, and there arc about J0O 
species of snakes considered dangerous to humans. 

The term "venomous animal" usually is applied to crea- 
tures that arc capable of producing a poison in a highly dcvcl- 
oped secretory gland or croup of cells and can deliver that 
to.xin during a biting or stinging act. "Poisonous animals,*" by 
contrast, arc generally tewded to be those whose tissues, 
cither in pan or in their entirety, arc toxic. These animals have 
no mechanism or structure for the delivery of their poisons. 
Poisoning in these forms usuallv takes place through ingestion 
(Russell. 1965). 

A venom may have one or several functions in an animal's 
armament. It may play a role in offense, as in the capture and 
digestion of food, or may contribute to the animal's defense, as 
in protection against predators or aggressors. It also may serve 
both functions. The principal biological property of the venom 
of a snake* however, is its food-securing potential. In this re- 
spect, venom is a superior modification to spccd,suc.strcngth, 
and better concealment as well as other characteristics seen in * 
nonvenomous snakes. In addition, venom plays a role in the 
digestion of ihc prey. Finally, wnom can play a role in a snake 5 . 
defensive posture, as in spitting cobras and rinchals.and in kills 
or underbills in a defensive situation (Russell. l9$Jb). 

The black widowspider and many other species of spiders 
use venom to paralyxe their prey before extracting hemo- 
lymph and body fluids. It appears that the venom is not de- 
signed primarily to kill the prey, only to immobilize it. The 
venom apparatus of the stingray is used for defense. It is not 
employed in getting food, and for the most part its defensive 
use appears to have been spent eons ago. Lionfishcs stone* 
fishes, and weeverfishes also use their venomous spines for 
defense Scorpions, by contrast, can use their venom for both 
offense and defense, 

Moji venoms used in an offensive posture arc associated 
with the Ml pole f the animal, obvi usly the most functional 
place for their delivery. Defensively designed venoms usuallv 
arc asjociated with the aboral pole, as in stingrays, or with 
dermal tissues, as in sc rpionfishes and certain thcr fishes 
(Russell, l9d5:Halstead, 1965). 

In poisonous animals the poison r toxin m*y play a small 
role, if any, in the animal's offensive r defensive activities. The 



poison may be a product or by-product of metabolism or a 
product passed along in the food chain. Jn the case of Tctrao- 
dontidae. the responsible toxic organisms may be the Vibrion- 
aceac and perhaps other bacteria. Jn ciguatera fish poisoning, 
the toxic organism, a dinoflagcllatc. is ingested by herbivores 
and then by carnivores. Ciguatcric fishes in human poisonings 
have fed on smaller toxic fishes or other toxic marine animals, 
which in turn have ingested Gamhicrdiscta spp. or other toxic 
organisms At each step in the (ceding process, more toxin is 
accumulated: thus while poisoning in humans may not result 
from eating the smaller toxic fishes or marine organisms, by 
the time a large grouper, barracuda, snapper, or other toxic 
fish that has led on smaller toxic ftsha is eaten, poisoning 
occurs. This sequence of events is known as the food-chain 
phenomenon, as described by Halstcad f 1965). 



PROPERTIES OF ANIMAL TOXINS?" 



As one might expect from ihe various uses to which animals 
put their poisons, these toxins vary considerably in their chem- 
istry and to,\icology. Venoms, for instance, may be composed 
of proteins of both high and low molecular weight, including 
polypeptides and enzymes. They also may be amines. lipids, 
steroids aminopolysaccharidcs. quinoncs. $• hydroxy try p- 
tamine (5*HT). glycosides, or other substances The biological 
properties of snake venoms have been reviewed by Zcllcr 
(I9JM. Russell (1967. 19S3). DowKng and associates (1968). 
Minton and Minton (1969), Elliott (197K). Tu (1977)/ Lcc { 
(197V). and H.nbcrmehl (I9SI ). With respect to the venoms of 
spiders, the te.vt of Marctic and Lcbcz (1979) provides a fine * 
description and ample references Kceean's (I960) work on 
the scorpions is a basic text that provides a good overview f 
these arthropods The toxins of marine animals have been 
thoroughly described by Halstcad (1965. 1978) and Russell ■ 
(1965. 1 VS-la). The scries of texts by Scheucr (1973. 197S) pro- ' 
vides additional data on some marine animal toxins as docs 
the excellent work of Southcotl (1979) and Sutherland (1983). 
Readers will find the book by Hashimoto (1979) a useful 
source of data on the biochemistry of marine toxins Those 
specifically interested in ciguatera poisoning will find the re- 
cent contribution of the Mentoirs of the Queensland Museum 
an excellent review, •'*..•*■ ••. 

■ One of the unfortunate facts in the study of the chemistry, 
pharmacology, and toxicology of venoms is that their structure 
and function are most easily researched by taking the venoms 
apart. This has two shortcomings: First, a destructive process is 
used in an attempt to understand an expedient and integrative 
one: second, the essential quality of the venom may be de- 
stroyed before a suitable acquaintance with it has been made. 
Often, the process of examination becomes s exacting that * 



601 
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:hc end is lost sichi of in the preoccupation with the means: ir 
some cases the means may become a substitute for the end. 

Another shortcoming in the study of venoms has been the 
naive and oversimplified habit of classifying the whole poison 
or even its component parts as "neurotoxins." "cardiotosins." 
".Tcrnoiouns." "■myotoxins," and other inexact synonyms. Most 
venoms probably exert their effects on almost all cells and 
tissues, and their pharmacological properties arc determined 
by the amount of a specific biologically active component that* 
.iccumulatcs at an activity site where it is capable of producing 
a chance. That change probably has a common chemical basis 
in mos; tissues, specific not only to the component but also to 
the alteration in ion exchange it may cause at a cell or (issue 
site. Of course, most venoms have a more particular effect on 
one or several tissue sites, but recent experimental work has 
demonstrated the wide scope of the to.tt'cological effects a 
venom or venom fraction can precipitate. 

A clinician must never ignore any symptom or sign in a 
pa tien: or minimise any manifestation on the naive assump- 
tion ;ha: the venom has to be a "neurotoxin." "cardiotoxin." 
* hemotoxin." or "myotoxin" with its activity limited to one 
organ or system. While the patient may have respiratory dis- 
tress from a "neurotoxic venom." he or she can also have 
changes in cardiac dynamics or vascular permeability, and 
these changes can become far more life-threatening, particu- 
larly if the physician centers his or her attention and therapy 
on the to-called neurotoxic activity of the venom (an effect 
that often can be treated adequately with simple positive-pres- 
sure respiration). The physician must guard his or her know), 
edge and experience zealously and he aware of the limits of 
application of pharmacological data that arc based on animal 
experimentation. 

Venoms may have important properties aside from the 
specific activities of their component parts. Important syner- 
gisms that are not obvious from the study of individual frac- 
tions may become apparent in studies of the activity of the 
~hole \<nom. In addition, the whole venom may precipitate 
autopharmaeological reactions that arc not produced by indi- 
vidual tractions. Finally, the problem of the formation of me- 
tabolites in an envenomated organism has not been explored 
m a definitive manner, and this can be an important con>idera- 
tion in clinical cases. 

The action of a venom or venom component is dependent 
on a number of variables, including its route of administration, 
absorption, distribution, passage across a succession of mem- 
branes, accumulation and action at a receptor site, and meta- 
bolism and excretion (Russell. 19S0a). All these factors play a 
role in determining the action of the toxin. During the past two 
decades it has become increasingly clear that there arc signifi- 
cant variations in the roles of these factors in different venoms 
and different species of animals. In some cases the variations 
in different animals arc more important than the difference 
usually attributed solely to the weight of the animal. Studies 
earned out in pigs, opossums, certain species of rats, and other 
animals purport to show that these animals arc more "im- 
mune" to a toxin than arc mice. Such investigations do not 
taVe into account the dependent physiological variables in- 
v olved in the availability and processing of a toxin in different 
Vinds of animals, influences that arc not related to any princi- 
ple of immunity. It is Q fallacious assumption to treat the LD;, 
of mice and that of the opossum or onothcr animal as direct 



products of the differences in their w eights. In this respect, the 
lexicologist must always be concerned with the question of 
whether a particular difference between animals is caused by 
variables in the effectiveness of the toxin at the receptor site 
or in its absorption, distribution, metabolism, or excretion. The 
fate of a venom or venom fraction, as its activities arc spent in 
the animal, has been discussed elsewhere (Russell. !9S0a, 
I9S0O.19S3). 

ANTIVENOMS (ANTIVENINS) 

Because of their protein composition, many toxins produce in 
antibody response: this response is essential in producing an* 
tiscra. An antivenom consists of venom-specific antiserum or 
antibodies concentrated from immune scrum to the venom. 
Antiscra contain neutralizing antibodies: one antigen (mono- 
valent) or several antigens (polyvalent). Animals immunized 
with venom develop a variety of antibodies to the many anti- 
gens in the venom. The scrum is harvested, partially or fully 
purified, and further processed before being administered to 
the patient. The antibodies bind to the venom molecules, ren- 
dering them ineffective. Antivcnoms have been produced 
against most medically important snake, spider, scorpion, and 
marine toxins. 

Antivcnoms are available in several forms: intact IgG 
antibodies or fragments of IgG such as F(ah). and Fab.Tncy 
arc prepared through AmSOj or Na : SOj precipitation, pepsin : . 
or papain digestion, and other procedures, among which the 
elimination of the Fc. or complement-binding and comple- 
ment-sensitizing fraction, is one of the most important. The 
molecular weight of the intact IgG is about 150.000. whereas , 
that of Fab is approximately 50.000. 

The molecular size of IgG prevents its renal exaction and 
produces a volume of distribution much smaller than that of ; 
Fab. The elimination half-life of IgG in the blood is approxi- 
mately 50 h. Its ultimate fate is not known. Most IgG probably % 
is taken up by the reticuloendothelial system and degraded, • 
.with the antigen attached. Fab fragments have an elimination ■ 
half-life uf about 17 h and are small enough to permit renal - 
excretion. - v " *V • "-, 

Since all antivenom products arc produced through the ; 
immunization of animals, this increases the possibility of hy- JJ 
persensitivity. Type I (immediate) hypersensitivity reactions ^ 
are caused by antigen cross-linking of endogenous IgE bound . 
to mast cells and basophils. Binding of antigen by a mast cell 
may cause the release of histamine and other mediators, pro- 
ducing an anaphylactic reaction. Once initiated, anaphylaxis 
may continue despite discontinuation of antivenin adminisira- j 
lion. An additional concern is an anaphylactoid reaction. This 
is a term for o syndrome resembling an anaphylactic reaaion; 
its etiology is unknown but appears to be associated with 
aggregated protein in the antiserum. Protein aggregates may 
activate the complement cascade, producing an anaphylactic- 
like syndrome. An important difference between anaphylactic . 
and anaphylactoid reactions is that anaphylactoid reactions 
arc dosc-dcpcndcnt and may he halted by removing the anti- 
gen. Type III hypersensitivity (scrum sickness) may develop 
several days after antivenom administration. In these eases* 
antigen-antibody complexes arc deposited in different areas of ^ 
the body, ftcn producing inflammatory responses in the skin, 
j ints. kidneys, and other tissues. Fortunately, these reacti ns 
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Tabic 26-1 t 

Sonic Medically Imporiant Snakes of Ihc \**orld (Continued) 



SCIENTIFIC A NO COMMON NAMES 



DISTRIBUTION 



t \'a/a niven — Cape or yellow cobra 
Qphiopha$u$ hannalt — lctnc cobra 
W'attcrinntsic arc v/?//V?— desert black snolcc or desert 
cobra 
Kraits and mambas 
Bttngartts cacmictis — Indian or blue krait 
Bungarus Candidas — Malayan Icrait 
8 tt/t gams tnuhicincttts — many-banded krait 
Dcndroaspis pu/ylcpis — black mamba 

Australian clapids 
Acantlujpltis attmrctian— -common death adder 
Xotecliis scuta tus — itccr snake 
Oxyuronus > cutcUatus — Ta i p a n 
Pseud edits attstraiis — m u I c a 

P.wtttitttwjtt imdudis — western brown snake 
Psvudtmatn tcxtili\ — eastern brown snake 



Xambia. Botswana south to the Cape 
Indian subcontinent. China and Philippines 

Egypt to Iran 

India. Pakistan. Sri Lanka. Bangladesh 
Thailand. Malaysia. Indonesia 
Southern China to Hainan. Taiwan 

Ethiopia and Somalia to Angola. Zambia. Nambia. southwest 
Africa 

Most of Australia. Moluccas. New Guinea 
Southeastern Australia 

Northern coastal Australia, pans of New Guinea 
Most of Australia except southeast and southern coast. New 
Guinea 

Most of Australia except east and southeast coast 
Eastern Australia 



*JvmnicjiH*m u*4 i he tnjLcv ll**«c«cr. inv^: ajak*n nu% iwm rv tiw •*n%,*% 

Thrombin like enzymes have heen used clinically and in 
animals for therapeutic and investigative studies. In experi- 
mentally induced venous thrombosis in dogs, treatment with 
ancrod before the formation of the thrombus prevented 
thrombosis and ensured vessel patency. However, ancrod had 
no thrombolytic effect when administered after thrombus for- 
mation. Trials of ancrod versus heparin and ancrod versus 
streptokinase in the treatment of deep venous thromboses of 
the lower lee have been conducted. It appears that neither 
heparin nor. ancrod has a significant effect on thrombus reso- 
lution, uhercas streptokinase produces more lysis of thrombi 
than does ancrod. Crotalasc has been employed to evaluate ; 
:he rule of fibrin deposition in burns m animaK (Baiua and* 
Markland. 1976). The role of fibrin deposition has been evalu- .*:. 
j ted in tumor metastasis, in which fibrinogen is renin* ed by ( 
treatment with ancrod or batroxobin. Ancrod also has been 
u>cd to prevent the deposition of fibrin on prosthetic heart 
valves implanted in calves (Russell. I9S0K l°K3). 

Collagcnase is a specific kind of proteinase that digests 
collagen. This activitv has been demonstrated in the venoms of 



Tabic :6~: 

Enzymes of Snake Venoms 



Proteolytic enzymes 


Phosphomonocst erase 


Arcinine ester hydrolase 


Phosphodiesterase 


Thrombinlikc enryme 


Acetylcholinesterase 


Collagcnase 


RNaie . 


Hyaluronidasc 


DNose 


Phospholipasc A ; (A) 


,V. Nucleotidase . 


Phospholipasc B 


NAD-nucIcotidase 


Phospholipasc C 


L.Amino acid oxidase 


Lactate dehydrogenase 





toort: Ktmcll (I9S.M. 



«*c0 rvr people in ihc *pvcm< J/c* <*ti<tc »ftc uuU' jNnjodv 



a number of species of crotalids and viperids. The venom of 
Crondttx atrox digests mesenteric collagen fibers hut not pro- 
tein. EDTA inhibits the colhigcnolytic effect but not the arginc 
esterase effect. * ' 

Hyaluronidasc catalyzes the cleavage of internal gly- 
coside bonds in certain acid mucopolysaccharide! This results 
in a decrease in the viscosity of connective tissues. The break- 
down in the hyaluronic barrier allows other fractions of venom 
to penetrate the tissues. The enzyme is thought to be related 
to the extent of edema produced by the whole venom, but the 
degree to which it contributes to clinical swelling and edema is-< 
not : known. The enzyme also has been referred Jo as the 
"spreading factor." ♦ ; >\ ./ 

Phospholipase cn/.ymcs arc widely distributed through- 
out animals, plants, and bacteria. Snake venoms arc the richest . 
sources of phospholipase A : (PLA : I enzymes. PLA ; catalyzes 
the hydrolysis of the fatty acid ester at the 2-position of diacyl *r. 
phosphatides, forming lysophosphatides and fatty acids, pri- 
marily unsaturated. The complete amino acid sequences of 
over 5(1 snake venom PLA : enzymes have been determined. 
The enzyme is widely distributed in the venoms of clapids. 
vipers, crotalids. sea snakes, and several colubrids. Although 
the sequences of these enzymes arc homologous and their 
enzymatic active sites are identical, they differ widely in their 
lethal indexes and pharmacological properties. For example, 
taipoxin. a PLA : enzyme from the venom of the Australian 
clapid Oxyuranus scutcl/atus has an IV LD*, in mice of 2//g/kg. 
whereas the neutral PLA ; from AVi/Vj tti$ricoUis has an LD^ of 
10200 //g/kg. even though /V. tu$ricotlis PLA : is enzymatically 
more active. 

Recent studies have shown that PLA : enzymes can exert 
their pharmacological effects by different mechanisms: hy- 
drolysis of membrane phospholipids, liberation f pharma- 
col gically active product! and effects independent of enzy- 
matic action. Similarly, snake venom PLA : enzymes can be 
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